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DESCRIPTION 

THERMOELECTRIC CONVERSION ELEMENT AND 
THERMOELECTRIC CONVERSION MODULE 

5 

TECHNICAL FIELD 
The present invention relates to a thermoelectric element, 
a thermoelectric module, and a thermoelectric conversion method. 

10 BACKGROUND ART 

In Japan, only about 30% of the primary energy supply is 
used as effective energy, with about 70% being eventually lost to 
the atmosphere as heat. The heat generated by combustion in 
industrial plants, garbage-incineration facilities and the like 

15 is lost to the atmosphere without being converted into other 

energy. In this way, we are wastefully discarding a vast amount 
of thermal energy, while acquiring only a small amount of energy 
by combustion of fossil fuels or other means. 

To increase the proportion of energy to be utilized, the 

20 thermal energy currently lost to the atmosphere should be 

effectively used. For this purpose, thermoelectric conversion, 
which directly converts thermal energy to electrical energy, is 
an effective means. Thermoelectric conversion, which utilizes the 
Seebeck effect, is an energy conversion method for generating 

25 electricity by creating a difference in temperature between both 
ends of a thermoelectric material to produce a difference in 
electric potential. 

In such a method for generating electricity utilizing 
thermoelectric conversion, i.e., thermoelectric generation, 

30 electricity is generated simply by setting one end of a 
thermoelectric material at a location heated to a high 
temperature by waste heat, and the other end in the atmosphere, 
and connecting external resistances to both ends. This method 
entirely eliminates the need for moving parts, such as the motors 

35 or turbines generally required for power generation. As a 



consequence, the method is economical and can be carried out 
without releasing the gases by combustion. Moreover, the method 
can continuously generate electricity until the thermoelectric 
material has deteriorated. Furthermore, thermoelectric generatior 
enables power generation at a high power density. Therefore, it 
is possible to make electric power generators (modules) small and 
light enough to be used as mobile power supplies for cellular 
phones, notebook computers, etc. 

Therefore, thermoelectric generation is expected to play a 
role in the resolution of future energy problems. To realize 
thermoelectric generation, a thermoelectric module comprising a 
thermoelectric material that has both a high thermoelectric 
conversion efficiency and excellent properties in terms of heat 
resistance, chemical durability, etc., will be required. 

Co0 2 -based layered oxides such as Ca 3 Co 4 0 9 have been 
reported as substances that achieve excellent thermoelectric 
performance in air at high temperatures, and such thermoelectric 
materials are currently being developed (see Non-Patent Document 
1, for example) . 

However, the development of a thermoelectric module 
(electric power generator) that is needed to realize efficient 
thermoelectric generation using thermoelectric materials has been 
delayed so far. 

Non-Patent Document 1: R. Funahashi et al., Jpn. J. Appl. Phys., 
39, L1127 (2000) 

DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY INVENTION 
The present invention has been made to solve the above 
problems. A principal object of the invention is to provide a 
thermoelectric element and a thermoelectric module that have both 
a high thermoelectric conversion efficiency and excellent 
properties in terms of thermal stability, chemical durability, 
etc., that are required to realize thermoelectric generation. 



MEANS FOR SOLVING THE PROBLEMS 

The present inventors conducted extensive research to 
achieve the above object. As a result, the inventors found that a 
thermoelectric element having excellent properties can be 
obtained by forming a thin film of p-type thermoelectric material 
and a thin film of n-type thermoelectric material, each 
thermoelectric material comprising a specific complex oxide, on 
an electrically insulating substrate, and electrically connecting 
one end portion of the p-type thermoelectric material and one end 
portion of the n-type thermoelectric material. The thermoelectric 
element thus obtained has a high thermoelectric conversion 
efficiency and excellent electrical conductivity as well as 
excellent thermal stability, chemical durability, etc., and 
exhibits excellent properties as a thermoelectric element. 

More specifically, the present invention provides the 
following thermoelectric elements, thermoelectric modules, and 
thermoelectric conversion methods. 

1. A thermoelectric element comprising: 

a thin film of p-type thermoelectric material, 

a thin film of n-type thermoelectric material, and 

an electrically insulating substrate, 

the thin film of p-type thermoelectric material and the 
thin film of n-type thermoelectric material being formed on the 
electrically insulating substrate and being electrically 
connected, 

(i) the p-type thermoelectric material comprising at least 
one complex oxide selected from the group consisting of: 

complex oxides represented by Formula (1) : CaaA^CocA^Oe, 
wherein A 1 is one or more elements selected from the group 
consisting of Na, K, Li, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Pb, Sr, 
Ba, Al, Bi, Y, and lanthanoids; A 2 is one or more elements 
selected from the group consisting of Ti, V, Cr, Mn, Fe, Ni, Cu, 
Ag, Mo, W, Nb, and Ta; 2.2 < a < 3.6; 0 < b < 0.8; 2.0 < c < 4.5; 
0 < d < 2.0; and 8 < e < 10, and 



complex oxides represented by Formula (2) : BifPbgM^COiM 2 -^-, 
wherein M 1 is one or more elements selected from the group 
consisting of Na, K, Li, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Pb, Ca, 
Sr, Ba, Al, Y, and lanthanoids; M 2 is one or more elements 
selected from the group consisting of Ti, V, Cr, Mn, Fe, Ni, Cu, 
Ag, Mo, W, Nb, and Ta; 1.8 < f < 2.2; 0 < g < 0.4; 1.8 < h < 2.2; 
1.6 < i < 2.2; 0 < j < 0.5; and 8 < k < 10; and 

(ii) the n-type thermoelectric material comprising at least 
one complex oxide selected from the group consisting of: 

complex oxides represented by Formula (3) : Ln m R 1 n Ni p R 2 q O r , 
wherein Ln is one or more elements selected from the group 
consisting of lanthanoids; R 1 is one or more elements selected 
from the group consisting of Na, K, Sr, Ca, and Bi; R 2 is one or 
more elements selected from the group consisting of Ti, V, Cr, Mn, 
Fe, Co, Cu, Mo, W, Nb, and Ta; 0.5 < m < 1.7; 0 < n < 0.5; 0.5 < p 

< 1.2; 0 < q < 0.5; and 2.7 < r < 3.3; 

complex oxides represented by Formula (4): (Ln s R 3 t ) 2Ni u R 4 vO„, 
wherein Ln is one or more elements selected from the group 
consisting of lanthanoids; R 3 is one or more elements selected 
from the group consisting of Na, R, Sr, Ca, and Bi; R 4 is one or 
more elements selected from the group consisting of Ti, V, Cr, Mn, 
Fe, Co, Cu, Mo, W, Nb, and Ta; 0.5 < s < 1.2; 0 < t < 0.5; 0.5 < u 

< 1.2; 0 < v < 0.5; and 3.6 < w < 4.4; 

complex oxides represented by Formula (5) : A x Z ny O z , wherein 
A is Ga or Al; 0 < x < 0.1; 0.9 < y < 1; and 0.9 < z < 1.1; and 

complex oxides represented by Formula (6) : S nxx i nyy O Z2 , 
wherein 0 < xx < 1; 0 < yy < 2; and 1.9 < zz < 3. 

2. The thermoelectric element according to Item 1, wherein 
the p-type thermoelectric material comprises at least one 
complex oxide selected from the group consisting of complex 
oxides represented by the formula: Ca^Co^, wherein A 1 is one 
or more elements selected from the group consisting of Na, K, Li, 
Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Pb, Sr, Ba, Al, Bi, Y, and 
lanthanoids; 2.2 < a < 3.6; 0 < b < 0.8; and 8 < e < 10, and 
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complex oxides represented by the formula: BifPbgM^Co^*, wherein 
M 1 is one or more elements selected from the group consisting of 
Sr, Ca, and Ba; 1.8 < f < 2.2; 0 < g < 0.4; 1.8 < h < 2.2; and 8 < 
k < 10; 

the n-type thermoelectric material comprises at least one 
complex oxide selected from the group consisting of complex 
oxides represented by the formula: LnJ^NiOr, wherein Ln is 
lanthanoid; R 1 is one or more elements selected from the group 
consisting of Na, K, Sr, Ca, and Bi; 0.5 < m < 1.2; 0 < n < 0.5; 
and 2.7 < r < 3.3, complex oxides represented by the formula: 
(Ln s R 3 t ) 2 NiO w , wherein Ln is lanthanoid; R 3 is one or more elements 
selected from the group consisting of Na, K, Sr, Ca, and Bi; 0.5 
< s < 1.2; 0 < t < 0.5; and 3.6 < w < 4.4, and complex oxides 
represented by the formula: Ln x R 5 y Ni p R 6 q . o t . , wherein Ln is 
15 lanthanoid; R 5 is one or more elements selected from the group 
consisting of Na, K, Sr, Ca, Bi, and Nd; and R 6 is one or more 
elements selected from the group consisting of Ti, V, Cr, Mn, Fe, 
Co, and Cu; 0.5 < x < 1.2; 0 < y < 0.5; 0.5 < p < 1.2; 0.01 < q' < 
0.5; and 2.8 < r' < 3.2. 
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3. The thermoelectric element according to Item 1, wherein the 
thin film of p-type thermoelectric material and the thin film of 
n-type thermoelectric material are electrically connected by one 
of the following methods: 
25 bringing one. end portion of the thin film of p-type 

thermoelectric material into direct contact with one end portion 
of the thin film of n-type thermoelectric material; 

bringing one end portion of the thin film of p-type 
thermoelectric material into contact with one end portion of the 
thin film of n-type thermoelectric material via an electrically 
conductive material; 

bringing one end portion of the thin film of p-type 
thermoelectric material into direct contact with one end portion 
of the thin film of n-type thermoelectric material and covering 
the contact portion with an electrically conductive material. 



30 
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4. The thermoelectric element according to Item 1, wherein the 
thin film of p-type thermoelectric material and the thin film of 
n-type thermoelectric material are formed on the same surface or 
on different surfaces of the electrically insulating substrate. 

5. The thermoelectric element according to Item 1, wherein the 
electrically insulating substrate is a substrate comprising a 
plastic material. 

6. The thermoelectric element according to Item 1, wherein 
thermoelectromotive force is at least 60 uV/K in a temperature 
range of 293 K to 1073 K. 

7. The thermoelectric element according to Item 1, wherein 
electrical resistance is 1 KQ or lower in a temperature range of 
293 K to 1073 K. 



8. A thermoelectric module comprising a plurality of the 
thermoelectric elements of Item 1, wherein the thermoelectric 
elements are electrically connected in series such that an 
unconnected end portion of a p-type thermoelectric material of 
one thermoelectric element is electrically connected to an 
unconnected end portion of an n-type thermoelectric material of 
another thermoelectric element. 



9. A thermoelectric conversion method comprising positioning one 
end of the thermoelectric module of Item 8 at a high-temperature 
portion and positioning the other end of the module at a low- 
temperature portion. 



In the thermoelectric element of the present invention, 
specific complex oxides are used as p-type and n-type 
thermoelectric materials; thin films of p-type and n-type 
thermoelectric materials are formed on an electrically insulating 



substrate; and one end portion of the thin film of p-type 
thermoelectric material and one end portion of the thin film of 
n-type thermoelectric material are electrically connected. 

Combined use of such complex oxides can provide a 
thermoelectric element with high thermoelectric conversion 
efficiency and good electrical conductivity. In addition, such 
complex oxides, when formed into a thin film, can be formed on 
substrates having various shapes, thereby easily providing 
thermoelectric elements having various shapes, which can be used 
in various applications, such as mounting on an electronic 
circuit, use in a fine portion, etc. Moreover, the thermoelectric 
module needs to be formed into a fin shape when used in airflow, 
such as in a boiler or a car radiator so that the module does not 
cause pressure loss by interrupting the airflow. In this 
application, thin film-type thermoelectric elements are useful. 

Hereinafter, p-type thermoelectric materials and n-type 
thermoelectric material used in the invention are described. 

p-type thermoelectric material 

Usable as a p-type thermoelectric material is at least one 
oxide selected from the group consisting of complex oxides 
represented by Formulae (1) and (2) : 

complex oxides represented by Formula (1): CaaA^COcA 2 ^, 
wherein A 1 is one or more elements selected from the group 
consisting of Na, K, Li, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Pb, Sr, 
Ba, Al, Bi, Y, and lanthanoids; A 2 is one or more elements 
selected from the group consisting of Ti, V, Cr, Mn, Fe, Ni, Cu, 
Ag, Mo, W, Nb, and Ta; 2.2 < a < 3.6; 0 < b < 0.8; 2.0 < c < 4.5; 
0 < d < 2.0; and 8 < e < 10, and 

complex oxides represented by Formula (2): BifPbgM^COiM^O*, 
wherein M 1 is one or more elements selected from the group 
consisting of Na, K, Li, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Pb, Ca, 
Sr, Ba, Al, Y, and lanthanoids; M 2 is one or more elements 
selected from the group consisting of Ti, V, Cr, Mn, Fe, Ni, Cu, 
Ag, Mo, W, Nb, and Ta; 1.8 < f < 2.2; 0 < g < 0.4; 1.8 < h < 2.2; 
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1.6 < i < 2.2; 0 < j < 0.5; and 8 < k < 10. 

In the above Formulae (1) and (2), examples of lanthanoids 
include La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, 
5 etc. 

The complex oxides represented by the above formulae have a 
laminated structure with alternating rock-salt structure layers 
and Co0 2 layers, wherein the rock-salt structure layers have the 
components Ca, Co, and O in the ratio of Ca 2 Co0 3 , or the 

10 components Bi, M 1 , and O in the ratio of Bi 2 M 1 2 0 4 ; and the Co0 2 

layers have octahedrons with octahedral coordination of six O to 
one Co, the octahedrons being arranged two-dimensionally such 
that they share one another's sides. In the former case, some of 
the Ca in Ca 2 Co0 3 is substituted by A 1 , and some of the Co of this 

15 layer and some of the Co of the Co0 2 layer are further substituted 
by A 2 . In the latter case, some of the Bi are substituted by Pb 
or some of M 1 , and some of the Co are substituted by M 2 . 

Such complex oxides have high Seebeck coefficients as p- 
type thermoelectric materials and excellent electrical 

20 conductivity. For example, they have a Seebeck coefficient of at 
least about 100 jjV/K and an electrical resistivity of not more 
than about 50 mQcm, preferably not more than about 30 mQcm, at 
temperatures of 100 K or higher; and the Seebeck coefficient 
tends to increase and the electrical resistivity tends to 

25 decrease as the temperature rises. - 

Among the complex oxides mentioned above, mentioned as a 
preferable example is at least one complex oxide selected from 
the group consisting of complex oxides represented by the 
formula: Ca a A 1 b Co 4 O e/ wherein A 1 is one or more elements selected 

30 from the group consisting of Na, K, Li, Ti, V, Cr, Mn, Fe, Ni, Cu, 
Zn, Pb, Sr, Ba, Al, Bi, Y, and lanthanoids; 2.2<a<3.6; 0 < b < 
0.8; and 8 < e < 10) and complex oxides represented by the 
formula: Bi f Pb g M 1 h Co 2 O k , wherein M 1 is one or more elements selected 
from the group consisting of Sr, Ca, and Ba; 1.8 < f < 2.2; 0 < g 

35 < 0.4; 1.8 < h < 2.2; and 8 < k < 10). Such complex oxides have a 



Seebeck coefficient of at least about 100 jxV/K and an electrical 
resistivity of not more than about 100 mQcm at temperatures of 
100 K or higher; and the Seebeck coefficient tends to increase 
and the electrical resistivity tends to decrease as the 
temperature rises . 



n-type thermoelectric material 

Usable as an n-type thermoelectric material is at least one 
oxide selected from the group consisting of complex oxides 
represented by Formulae (3), (4), (5), and (6): 

complex oxides represented by Formula (3) : Ln m R 1 n Ni p R 2 qO r , 
wherein Ln is one or more elements selected from the group 
consisting of lanthanoids; R 1 is one or more elements selected 
from the group consisting of Na, K, Sr, Ca, and Bi; R 2 is one or 
more elements selected from the group consisting of Ti, V, Cr, Mn, 
Fe, Co, Cu, Mo, W, Nb, and Ta; 0.5 < m < 1.7; 0 < n < 0.5; 0.5 < p 

< 1.2; 0 < g < 0.5; and 2.7 < r < 3.3; 

complex oxides represented by Formula (4): (Ln s R 3 t ) zNiJlVX,, 
wherein Ln is one or more elements selected from the group 
consisting of lanthanoids; R 3 is one or more elements selected 
from the group consisting of Na, K, Sr, Ca, and Bi; R 4 is one or 
more elements selected from the group consisting of Ti, V, Cr, Mn, 
Fe, Co, Cu, Mo, W, Nb, and Ta; 0.5 < s < 1.2; 0 < t < 0.5; 0.5 < u 

< 1.2; 0 < v < 0.5; and 3.6 < w < 4.4; 

complex oxides represented by Formula (5) : A x ZnyO z , wherein 
A is Ga or Al; 0 < x < 0.1; 0.9 < y < 1; and 0 . 9 < z < 1.1); and 

complex oxides represented by Formula (6): SN^In^^, 
wherein 0 < xx < 1; 0 < yy < 2; and 1.9 < zz < 3. 

In the above formulae, examples of lanthanoids include La, 
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Lu, etc. In Formula 
(3), the range of m is 0.5 < m < 1.7, and preferably 0.5 < m < 1.2. 

The complex oxides represented by the above formulae have a 
negative Seebeck coefficient and exhibit properties as n-type 
thermoelectric materials in that when a difference in temperature 
is created between both ends of the oxide material, the electric 
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potential generated by the thermoelectromotive force is higher at 
the high-temperature side than at the low-temperature side. 

More specifically, the above complex oxides represented by 
Formulae (3) and (4) have a negative Seebeck coefficient at 
temperatures of 373 K or higher. For example, they may have a 
Seebeck coefficient of about -1 to about -20 uV/K at temperatures 
of 373 K or higher. Furthermore, the above complex oxides have 
excellent electrical conductivity and low electrical resistivity, 
and, for example, may have an electrical resistivity of about 20 
mQcm or less at temperatures of 373 K or higher. 

The complex oxides represented by Formula (3) have a 
perovskite-type crystal structure and the complex oxides 
represented by Formula (4) have a so-called layered perovskite- 
type crystal structure. The former is generally referred to as an 
AB0 3 structure and the latter as an A 2 B0 4 structure. In these 
complex oxides, some of Ln are substituted by R 1 or R 3 , and some 
of Ni are substituted by R 2 or R 4 . 

The complex oxides represented by Formulae (5) and (6) are 
known as a material for a transparent electrically conductive 
film. For example, they have a Seebeck coefficient of about -100 
V.V/K or lower at temperatures of 100 K or higher and have 
excellent electrical conductivity, and exhibits low electrical 
resistivity as low as not more than about 100 mQcm at 
temperatures of 100 K or higher. 

Among the above complex oxides, the. complex oxides 
represented by Formula (5) have a hexagonal wurtz structure and 
the complex oxides represented by Formula (6) have a cubic rutile 
structure or tetragonal bcc structure. 

Among the complex oxides mentioned above, preferable 
examples include a complex oxide selected from the group 
consisting of complex oxides represented by the formula: LnJ^NiOr, 
wherein Ln is one or more elements selected from the group 
consisting of lanthanoids; R 1 is one or more elements selected 
from the group consisting of Na, K, Sr, Ca, and Bi; 0.5 < m < 
1-2; 0 < n < 0.5; and 2.7 < r < 3.3; complex oxides represented by 
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the formula: (Ln s R 3 t ) 2 NiO w/ wherein Ln is one or more elements 
selected from the group consisting of lanthanoids; R 3 is one or 
more elements selected from the group consisting of Na, K, Sr, Ca, 
and Bi; 0.5 < s < 1.2; 0 < t < 0.5; and 3.6 < w < 4.4; and complex 
oxides represented by the formula: Ln x R 5 y Ni p R 6 q ,O r . , wherein Ln is 
one or more elements selected from the group consisting of 
lanthanoids; R 5 is one or more elements selected from the group 
consisting of Na, K, Sr, Ca, Bi, and Nd; and R 6 is one or more 
elements selected from the group consisting of Ti, V, Cr, Mn, Fe, 
Co, and Cu; 0.5 < x < 1.2; 0 < y < 0.5; 0.5 < p < 1.2; 0.01 < q' < 
0.5; and 2.8 < r' < 3.2. 

Among the above, the complex oxides represented by the 
formulae: Lr^R^NiOr and (Ln s R 3 t ) 2 NiO w , for example, have a Seebeck 
coefficient of -1 to -30 mV/K at temperatures of 100 K or higher 
15 and exhibits low electrical resistivity. For example, they may 
have electrical conductivity of not more than about 10 mQcm at a 
temperature of 100 K or higher. 

The complex oxides represented by the formula: 
Ln x R 5 y NipR 6 q .(V have a negative Seebeck coefficient at a 
20 temperature of 100°C or higher, and have excellent electrical 
conductivity and exhibit low electrical resistivity as low as not 
more than about 10 mQcm at a temperature of 100°C or higher. 

Thermoelectric element 
25 In the thermoelectric element of the present invention, the 

thin film of p-type thermoelectric material and the thin film of 
n-type thermoelectric material are formed on an electrically 
insulating substrate and one end portion of the thin film of p- 
type thermoelectric material and one end portion of the thin film 
of n-type thermoelectric material are electrically connected. 

(1) Electrically insulating substrate 

There is no limitation on an electrically insulating 
substrate insofar as the substrate does not deteriorate at the 
.35 temperature at which the substrate is subjected to . a heat 
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treatment for forming a thin oxide film. Accordingly, various 
types of substrates can be used, including an inexpensive 
substrate. Moreover, a substrate having low thermal conductivity, 
such as a glass substrate, ceramic substrate and the like, can be 
used. The use of such substrate can sharply reduce the influence 
of substrate temperature on the thermoelectric conversion 
efficiency of the thin film of complex oxide to be formed. 

Various types of plastic materials, such as polyimide, etc., 
can also be used as a substrate insofar as the material does not 
deteriorate at heat-treatment temperature. When a thin film of a 
thermoelectric material is formed by a vapor deposition method, 
aerosol deposition method or the like among the thin-film 
formation methods described later, a thin film having an 
excellent thermoelectric conversion efficiency can be formed 
without heat treatment. Therefore, on a substrate of a plastic 
material having relatively low heat resistance, such as 
polyethylene , polypropylene , polystyrene , polyethylene 

terephthalate (PET) and the like, a thin film of a thermoelectric 
material having an excellent thermoelectric conversion efficiency 
can be formed. The present invention can employ various types of 
plastic materials as mentioned above as a substrate, and thus can 
be used in many applications utilizing the properties such as 
flexibility, plasticity and the like of the plastic materials. 
Moreover, since a thin film of a thermoelectric material can be 
formed while applying no thermal damage to, for example, an 
organic thin-film transistor (organic TFT) or the like, the 
present invention can be applied to various flexible devices. 

In the invention, a substrate having low thermal 
conductivity of about 10 W/m-K or lower at 25°C is preferable, one 
having thermal conductivity of about 5 W/m-K or lower at 25°C is 
more preferable, and one having thermal conductivity of about 2 
W/m-K or lower at 25°C is even more preferable. 

Various shapes of electrically insulating substrates can be 
used without limitation, and the shape can be suitably determined 
in accordance with the usage of the thermoelectric element to be 
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obtained. 

For example, in the case of a pipe-like substrate, a pipe- 
like thermoelectric element can be obtained by forming thin films 
of complex oxides on either or both sides of the pipe-like 
substrate. in the pipe-like thermoelectric element, 

thermoelectric generation can be conducted by passing a 
combustion gas through the pipe inside to create a temperature 
difference between the gas inlet side and the gas outlet side. 
The use of such a thermoelectric element enables electricity to 
be generated by using a motor vehicle exhaust gas. 

When a flexible electrically insulating plastic film is 
used as a substrate, the shape of a thermoelectric element can be 
varied by winding or bending the plastic substrate even after 
obtaining the thermoelectric element by forming thin films of 
complex oxides on such substrate. 

(2) Thermoelectric material thin film 

The film thicknesses of a thin film of p-type 
thermoelectric material and a thin film of n-type thermoelectric 
material are not limited. The film thickness of the thin films 
may be suitably determined in accordance with their usage to 
attain excellent thermoelectric conversion performance. For 
example, by setting the film thickness to about 100 nm or more 
and preferably about 300 nm or more, excellent performance can be 
demonstrated. For use as a thin film, the upper limit of the film 
thickness may generally be about 10 urn or less, preferably about 
5 |im or less, and more preferably about 2 urn or less. 

The shapes of a thin film of p-type thermoelectric material 
and a thin film of n-type thermoelectric material are not limited. 
The shape and size of the thin film may be suitably determined in 
accordance with the shape of the substrate. For example, in the 
case of a plate-like substrate, a thin film of p-type 
thermoelectric material and a thin film of n-type thermoelectric 
material can be formed on one surface of a substrate, or a thin 
film of p-type thermoelectric material can be formed on one 
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surface of the substrate and a thin film of n-type thermoelectric 
material can be formed on the other surface of the substrate. 
Such thin films may be formed on a part of or on the entire 
surface of the substrate. By lengthening the long sides of a thin 
film of a thermoelectric material as much as possible, a 
temperature difference between both the ends of the thin film of 
a thermoelectric material can be increased to thereby raise the 
voltage. By shortening the long sides thereof, electrical 
resistance can be decreased. 

Also, in the case of a pipe-like substrate, both thin films 
may be formed on the external surface of a pipe, or one thin film 
may be formed on the external surface of the pipe and the other 
thin film may be formed on the inside of the pipe in the same 
manner as described above. 

(3) Thin-film formation method 

There is no limitation to the methods for forming a thin 
film of p-type thermoelectric material and a thin film of n-type 
thermoelectric material on an electrically insulating substrate 
insofar as a single crystal thin film or a polycrystal thin film 
with the above-identified composition can be formed. 

Various known methods are usable, and, examples of such 
known methods include thin film formation by vapor deposition; 
thin film formation using a raw material solution, such as dip 
coating, spin coating, brush coating, or spray-atomizing; aerosol 
deposition by spraying fine particles of a complex oxide; etc. In 
addition, single-crystal thin film formation methods such as a 
flux method using a flux and a method for melting and solidifying 
a raw material without using a flux may be employed. 

These film formation methods can be performed under known 
conditions. Hereinafter, typical methods among the above methods 
are specifically described. 

(i) Vapor deposition: 

A method for forming a thin film by vapor deposition is 
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described in more detail. 

Any raw material can be used without limitation insofar as 
an oxide can be formed by evaporating and depositing the raw 
material onto a substrate by vapor deposition. For example, 
usable are metals; oxides; various compounds (carbonate, etc.); 
and the like, all of which comprise a constituent metal element. 
In addition, a material comprising two or more of the constituent 
elements of an intended complex oxide may be used. 

Such raw materials are mixed in such a manner as to yield 
the same metal ratio as that of an intended complex oxide and the 
mixture can be used as it is. In particular, such a mixture of 
raw materials is preferably heated. The heated material is easy 
to handle in the vapor deposition described later. 

There is no limitation on the heating conditions for such 
15 raw materials. For example, such raw materials may be sintered at 
high temperatures at which a crystal of a complex oxide 
represented by the above-described formula is formed, or such raw 
materials may be calcined at relatively low temperatures to form 
a calcinate without forming an oxide crystal. Various heating 
20 methods, such as an electric heating furnace, a gas heating 
furnace, etc., can be employed without limitation. The heating 
atmosphere may generally be an oxidizing atmosphere such as in an 
oxygen stream, in air, etc. Such raw materials can also be heated 
in an inert gas atmosphere. 
25 There is no limitation to the vapor deposition method 

insofar as an oxide thin film can be formed on a substrate using 
the above-mentioned raw material (s). For example, physical-vapor- 
deposition is preferable and specific examples thereof include 
pulsed laser deposition, sputtering, vacuum deposition, ion- 
30 plating, plasma-assisted-deposition, ion-assisted-deposition, 
reactive deposition, laser ablation, etc. Among these methods, 
pulsed laser deposition is preferable because composition 
variation is not likely to occur during the vapor deposition of a 
complex oxide comprising multi-elements. 
35 A complex oxide may be deposited while heating a substrate 
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at about 400°C to about 600°C, or may be deposited at room 
temperature. When a complex oxide is deposited while heating a 
substrate, the complex oxide is formed on a substrate, thereby 
usually eliminating a heat treatment. Some complex oxides 
5 deposited on a substrate at room temperature have a very low 
degree of crystallization, and thus cannot exhibit good 
thermoelectric conversion performance. In this case, such a 
complex oxide can be given good thermoelectric conversion 
performance by heating to promote crystallization of the oxide. 

10 The heat treatment temperature may be, for example, about 

600°C to about 740°C. Heat treatment in this temperature range 
can promote the crystallization of a thin film of complex oxide 
and thus achieve good thermoelectric performance. An excessively 
low heat treatment temperature fails to promote crystallization 

15 to a sufficient level, which lowers the thermoelectric conversion 
performance, and thus is not desirable. On the other hand, an 
excessively high heat treatment temperature causes another phase 
to appear, which also lowers the thermoelectric conversion 
performance, and thus is not desirable either. 

20 The heat treatment may generally be performed in an 

oxidizing atmosphere, such as in air or in an atmosphere 
containing about 5% or higher of oxygen. The heat treatment can 
be performed under various pressures, such as reduced pressure, 
atmospheric pressure, and increased pressure. For example, the 

25 pressure may be in the range of about 10" 3 Pa to about 2 MPa. 

The heat treatment time varies depending on the size of the 
substrate, the thickness of the thin film of complex oxide, etc. 
The heat treatment may be performed in such a manner that the 
thin film of complex oxide is sufficiently crystallized, and may 

30 generally be performed for about 3 minutes to about 10 hours, and 
preferably about 1 hour to about 3 hours. 

An intended thin film of complex oxide can be formed 
according to the above-described method. 

35 (ii) Spin coating: 
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Next, spin coating is described in detail as a method for 
forming a thin film of complex oxide using a raw material 
solution. 

A solution containing a dissolved raw material having a 
5 constituent metal element of an intended complex oxide is usable 
as a raw material solution. The raw material is not limited 
insofar as the material can form an oxide when heated. Metals, 
oxides, various compounds (chlorides, carbonates, nitrates, 
hydroxides, alkoxide compounds, etc.) and the like are usable as 
10 raw materials. 

Usable as a solvent are water; organic solvents, such as 
toluene, xylene, and the like; etc. The concentration of the raw 
material in the solution is not limited insofar as the solution 
contains a metal component in the same proportion as that of an 
15 intended complex oxide, and may be, for example, about 0.01 to 
about 1 mol/1. 

Such a raw material solution is dropped in small portions 
onto a substrate rotating at high rotation rates. The solution 
uniformly spreads onto the substrate due to the centrifugal force 

20 caused by the rotation. The solvent is then evaporated, forming a 
precursor of a thin film of the intended complex oxide. The 
rotation rate of the substrate is not limited, and may be 
determined suitably depending on the solution viscosity or the 
thickness of the film to be formed. 

25 Subsequently, this precursor is heat-treated in air to form 

a thin film of complex oxide. The heat treatment conditions are 
not limited insofar as an intended complex oxide is formed. In 
general, a solvent is removed by heating the precursor at about 
300°C to about 500°C for about 1 to about 10 hours, and then 

30 further heating the result at about 500°C to about 1000°C for 
about 1 to about 20 hours, thereby forming a polycrystalline thin 
film of an intended complex oxide. 



35 



(iii) Aerosol deposition: 

In the case of aerosol deposition, a coating film of a 
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complex oxide can be formed by spraying fine-particles of an 
intended complex oxide with a carrier gas onto a substrate. 

Fine particles of a complex oxide can be obtained by mixing 
the raw material of a complex oxide in such a manner as to yield 
the same metal ratio as that of the intended complex oxide, 
sintering the mixture in an oxygen-containing atmosphere, and, as 
required, pulverizing the result. The average particle diameter 
of a complex oxide may be about 0.5 pm to about 5 |jm. 

Examples of carrier gas include nitrogen gas, helium (He) 
gas, etc. A coating film of complex oxide can be formed by 
spraying a complex oxide powder onto a substrate using such a 
carrier gas at a gas flow of about 5 to about 10 L/minute and at 
a distance between a nozzle and a substrate of about 10 to about 
30 mm within a reduced pressure chamber having a pressure of 
about 10 Pa to about 8 kPa. During this process, the substrate is 
not necessarily heated, but, when heated at about 200 to about 
600°C, the adhesion between the coating film to be formed and the 
substrate can be increased. 

After being formed, a coating ' film is not necessarily 
heated, but, as required, when heated at about 200 to about 700°C 
for about 10 minuets to about 4 hours in an oxygen-containing 
atmosphere, the crystallinity of the coating film to be formed 
can be further increased. 



(iv) Single crystal thin-film formation method 

Next, a method for forming a single crystal thin film of 
complex oxide is described. 

According to this method, raw materials are mixed in such a 
manner as to have the same element ratio as that of the intended 
complex oxide, the mixture is melted on a substrate by heating, 
and the melt is cooled gradually, providing a single-crystal thin 
film. Any raw material can be used without limitation insofar as 
a mixture of the raw materials can form a homogeneous melt when 
heated. For example, metals, oxides, various compounds 

(carbonates, etc.), and the like can be used. A compound 
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containing two or more constituent elements of an intended 
complex oxide is also usable. 

More specifically, a single-crystal thin film can be formed 
by heating a raw material mixture to form a melt in a uniform 
5 solution state, and cooling the melt. The heating time is not 
limited, and the heating treatment may be performed until a 
uniform solution state is attained. There is no limitation on the 
heating method and an electric heating furnace, gas heating 
furnace and the like can be used. The raw material may be melted 

10 in an oxidizing atmosphere, such as in an oxygen stream, in air 
or the like. A raw material, when containing a sufficient amount 
of oxygen, can be melted in, for example, an inert gas atmosphere. 

The cooling method is not limited. For example, a raw 
material in a solution state may be cooled as a whole, or a 

15 cooled substrate may be immersed in a container containing a 
molten raw material, to thereby grow a single crystal thereon. 

The cooling rate is not limited, but slow cooling is 
preferable in order to form a single-crystal thin film. This is 
because as the cooling rate is increased, a large number of 

20 crystals are grown on the substrate to form a so-called 
polycrystalline thin film. For example, a cooling rate of about 
50°C/h or lower may be employed. 

Instead of directly melting a raw material mixture, another 
ingredient may be added to a raw material mixture so as to adjust 

25 the melting point for forming a melt, and then the mixture is 
melted by heating. The method of adding an additive (a flux 
component) other than materials containing metal elements of a 
complex oxide and melting the mixture is referred to as a so- 
called "flux method". In flux methods, a flux component contained 

30 in a raw material mixture is partially melted by heating, and the 
whole raw material mixture is dissolved to form a solution due to 
chemical change, dissolution effect and the like of the molten 
component. Thus, the raw material mixture can be melted at lower 
temperatures compared with a method for directly cooling the raw 

35 material mixture. By cooling the raw material in a solution state 
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at a suitably controlled cooling rate, an intended single crystal 
can be grown due to super saturation accompanied by cooling. 
During this cooling process, grown is a single crystal complex 
oxide with a solid phase composition in phase equilibrium with a 
5 solution phase that is formed when the raw material is melted. 
Therefore, based on the relationship between the solution phase 
composition and the solid phase (single crystal) composition, 
which are in an equilibrium state, a proportion of each raw 
material in a raw material mixture can be determined according to 

10 the composition of the complex oxide to be formed. 

In this method, the flux component contained in the raw 
material remains as a solvent component, and is not contained in 
the single crystal to be grown. 

Such a flux component may be selected from substances which 

15 have a lower melting point compared with the raw material of the 
thin film, and which have the capability of sufficinetly 
dissolving a raw material in the melt to be formed and which do 
not adversely affect the properties of an intended complex oxide. 
For example, alkali metal compounds, boron-containing compounds 

20 and the like can be used. 

Specific examples of alkali metal compounds include alkali 
metal chlorides, such as lithium chloride (LiCl) , sodium chloride 
(NaCl), and potassium chloride (KC1) , and hydrates thereof; 
alkali metal carbonates, such as lithium carbonate (Li 2 C0 3 ) , 

25 sodium carbonate (Na 2 C0 3 ) , and potassium carbonate (K 2 C0 3 ) , etc.; 
and the like. A specific example of boron-containing compounds is 
boric acid (B 2 0 3 ) , etc. These additives can be used singly or as 
a mixture of two or more thereof. 

The content of such a flux component is not limited, and 

30 can be determined depending on the heating temperature 
considering the solubility of the raw material in the melt to be 
formed in such a manner that the melt will contain the raw 
material in as high a concentration as possible. 

There is no limitation on the method for melting a raw 

35 material mixture, and the raw material mixture may be heated to 
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form a melt in a uniform solution state on a substrate. The 
heating temperature varies depending on the flux component used. 
For example, the raw material mixture may be melted by heating at 
temperatures of about 800 to about 1000°C for about 20 to about 40 
5 hours . 

There is no limitation on the heating method and an 
electric heating furnace, gas heating furnace and the like can be 
used. The raw material may be melted in an oxidizing atmosphere, 
such as in an oxygen stream, in air or the like. A raw material, 

10 when containing a sufficient amount of oxygen, can be melted in, 
for example, an inert gas atmosphere. 

Although the cooling rate is not limited, a polycrystalline 
thin film may be formed at a high cooling rate and a single- 
crystal thin film may be easy to form at a low cooling rate. For 

15 example, a single crystal thin film can be formed at a cooling 
rate of about 50°C/h or lower. 

The size, yield and the like of the single-crystal thin 
film of complex oxide to be formed varies depending on the type 
and composition of the raw material, the composition of the 

20 molten components, the cooling rate, etc. For example, when the 
molten mixture is cooled at a cooling rate of about 50°C/h or 
lower until it is solidified, needlelike or plate-like single 
crystals with a width of about 0.5 mm or more, a thickness of 
about 0.5 mm or more, and a length of about 5 mm or more can be 

25. obtained. 

Subsequently, components other than the intended single 
crystal complex oxide are removed from solidified product formed 
by cooling, thereby forming a single crystal thin film of the 
target complex oxide as it adheres to a substrate. 
30 Components other the complex oxide can be removed as 

follows. For example, a water-soluble component, e.g., chloride, 
adhering to a single-crystal complex oxide, can be removed by 
repeated washing with distilled water and filtration, and, as 
required, washing with ethanol. 

35 
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(4) Thermoelectric element: 

A thermoelectric element of the present invention is 
obtained by electrically connecting one end of a thin film of p- 
type thermoelectric material and one end of a thin film of n-type 
thermoelectric material, which are formed on a substrate. 

It is preferable to use the thermoelectric materials in 
combination such that the sum of the absolute values of the 
thermoelectromotive forces of the p-type thermoelectric material 
and the n-type thermoelectric material is, for example, at least 
about 60 fiV/K, and preferably at least about 100 jiV/K, at all 
temperatures in the range of 293 to 1073 K (absolute temperature) . 
It is also preferable that each of these thermoelectric materials 
has an electrical resistivity of not more than about 100 m£2cm, 
preferably not more than about 50 mftcm, and more preferably not 
more than about 10 mQcm, at all temperatures in the range of 293 
to 1073 K (absolute temperature) . 

There is no limitation to methods for electrically 
connecting the thin films. For example, one end of a thin film of 
p-type thermoelectric material and one end of a thin film of n- 
type thermoelectric material may be brought into direct contact 
with each other, or one end of a thin film of p-type 
thermoelectric material and one end of a thin film of n-type 
thermoelectric material may be brought into contact via an 
electrically conductive material. 

Specific methods for electrically connecting one end of a 
thin film of p-type thermoelectric material and one end of a thin 
film of n-type thermoelectric material are not limited. 
Preferable is a method for connecting the materials in such a 
manner that a thermoelectromotive force of at least 60 |iV/K and 
an electrical resistance of 1 KQ or lower can be maintained for 
the thermoelectric element at all temperatures in the range of 
293 to 1073K (absolute temperature) . 

The electrical resistance caused by connecting 
thermoelectric materials depends on the connection method, area 
of the connected portion, type and size of electrically 
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conductive material used, etc. In general, it is preferable to 
determine connecting conditions so that the resistance of the 
connected portion relative to that of the entire thermoelectric 
element is about 50% or less, preferably about 10% or less, and 
more preferably about 5% or less. 

Hereinafter, a specific example of a method for 
electrically connecting thermoelectric materials is described 
with reference to the drawings. Each drawing shows a front view 
and a plan view of a thermoelectric element in which one end of a 
thin film of p-type thermoelectric material and one end of a thin 
film of n-type thermoelectric material are electrically connected 
on a substrate. 

Figs. 1 (a) to (c) show a thermoelectric element in which 
one end of a thin film of p-type thermoelectric material 2 and 
one end of a thin film of n-type thermoelectric material 3, which 
are formed on the same surface of a substrate 1, are brought into 
direct contact with each other. 

Figs. 1 (d) and (e) show a thermoelectric element in which 
one thermoelectric material is brought into direct contact with 
the other material while partially covering the other material at 
the contact portion of the thin films. A thermoelectric element 
having this structure can obtain more excellent electrical 
connection. 

Figs. 2 (a) to (c) show a thermoelectric element in which 
one end of a thin film of p-type thermoelectric material 2 and 
one end of a thin film of n-type thermoelectric material 3, which 
are formed on a substrate 1, are connected via an electrically 
conductive material 4 . 

Any electrically conductive material can be used insofar as 
an electrical resistance of the connected portion of a p-type 
thermoelectric material and an n-type thermoelectric material can 
be held low. For example, metal paste, solder, electrically 
conductive ceramics, and the like can be used. In particular, 
electrically conductive ceramics, a paste containing a noble 
metal, such as gold, silver, platinum, and the like are 



preferable because such material does not melt, and maintains its 
chemical stability and low resistance at temperatures as high as 
about 1073 K. A thin film of such an electrically conductive 
material may be formed by vapor deposition, such as sputtering, 
etc. 

Fig. 3 shows the structure of a thermoelectric element in 
which one end of a thin film of p-type thermoelectric material 2 
and one end of a thin film of n-type thermoelectric material 3, 
which are formed on a substrate 1, are brought into direct 
contact with each other and the contact portion is covered with 
an electrically conductive material 4. In an element thus 
structured, the thin films can ensure more excellent electrical 
connection at the contact portion thereof. 

Figs. 4 (a) to (c) show a thermoelectric element in which a 
thin film of p-type thermoelectric material 2 and a thin film of 
n-type thermoelectric material 3 are formed on the same surface 
of a substrate without being in contact, and both the thin films 
are electrically connected with each other on a side surface of 
the substrate. In Figs. 4 (a) to (c) , Fig. 4 (a) shows a 
thermoelectric element in which both the thin films are directly 
connected with each other on a side surface of the substrate. Fig. 
4 (b) shows a thermoelectric element in which both the thin films 
are connected via an electrically conductive material 4 on a side 
surface of the substrate. Fig. 4 (c) shows a thermoelectric 
element in which- a thin film of p-type thermoelectric material 2 
and a thin film of n-type thermoelectric material 3 are brought 
into contact with, at a corner of the substrate, a thin film of 
an electrically conductive material 4 formed on a side surface of 
the substrate to thereby establish an electrical connection 
between the thin films. In this case, a metal paste, solder, 
electrically conductive ceramics, etc., can be used as the 
electrically conductive material 4 as in the thermoelectric 
element shown in Fig. 2, and an electrically conductive film 
formed by vapor deposition may also be used. In this case, as an 
electrically conductive material formed on a side surface of the 
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substrate, a thin film of p-type thermoelectric material or a 
thin film of n-type thermoelectric material may be used, and, in 
addition, a thin film in which a thin film of p-type 
thermoelectric material and a thin film of n-type thermoelectric 
5 material are completely or partially laminated are also usable. 

In the thermoelectric element shown in Fig. 4 (a) in which 
thermoelectric materials are electrically connected on a side 
surface of the substrate, a better electrical connection can be 
ensured by bringing both the thin films into direct contact and 

10 covering the contact portion with an electrically conductive 
material, or by partially or completely laminating both the 
thermoelectric materials on a side surface of the substrate. 

The thermal conductivity of each of the thermoelectric 
elements shown in Figs. 1 to 4 can be reduced over the element by 

15 using a substrate with a cut formed as shown in Fig. 5 and 
separately forming a thin film of p-type thermoelectric material 
and a thin film of n-type thermoelectric material on either side 
of the cut portion formed in the substrate. 

20 Thermoelectric module 

The thermoelectric module of the invention comprises a 
plurality of the above-described thermoelectric elements, wherein 
the thermoelectric elements are connected in series such that an 
unconnected end portion of a p-type thermoelectric material of 

25 one thermoelectric element is connected to an unconnected end - 
portion of an n-type thermoelectric material of another 
thermoelectric element. 

There is no limitation to the methods for connecting 
thermoelectric elements, and, for example, the above-described 

30 methods for connecting thermoelectric materials to form a 
thermoelectric element can be similarly applied. 

Fig. 6 schematically shows one embodiment of a 
thermoelectric module. The thermoelectric module uses 
thermoelectric elements in each of which one end of a thin film 

35 of p-type thermoelectric material 2 and one end of a thin film of 



n-type thermoelectric material 3 are brought into direct contact 
on the same surface as shown in Fig. 1(a), and the thermoelectric 
modlue is formed by connecting a plurality of such thermoelectric 
elements in series by connecting an unconnected end portion of 
the p-type thermoelectric material 2 and an unconnected end 
portion of the n-type thermoelectric material 3 via an 
electrically conductive material 5. The number of thermoelectric 
elements used in one module is not limited, and can be suitably 
determined depending on the required electric power. 

Similarly in the case of producing a thermoelectric element 
as shown in Fig. 2, a noble metal paste, solder, or electrically 
conductive ceramics can be used as the electrically conductive 
material 5 for connecting thermoelectric elements. As the 
electrically conductive ceramics, the same complex oxides as in 
the p-type thermoelectric material or n-type thermoelectric 
material can also be used. 

In addition to a method for connecting unconnected end 
portions of a plurality of thermoelectric elements formed on 
different substrates, a method for electrically connecting 
unconnected end portions of a plurality of thermoelectric 
elements formed on the same substrate can be employed. According 
to the latter method, a thermoelectric module can be easily 
obtained by forming a required number of thin films of p-type 
thermoelectric material and thin films of n-type thermoelectric 
material on the same substrate, to form thermoelectric elements 
through the application of the above-described method for forming 
a thin film of a thermoelectric material, and then connecting an 
end portion of each element. 

The thermoelectric module of the invention can produce an 
electrical potential difference by positioning one end thereof at 
a high-temperature side and the other end thereof at a low- 
temperature side. For example, in the module of Fig. 6, a portion 
where a thin film of p-type thermoelectric material and a thin 
film of n-type thermoelectric material are brought into direct 
contact may be disposed at a high-temperature side and the other 
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end portion may be disposed at a low-temperature side. 

Moreover, as shown in the perspective view of Fig. 7, 
usable is a pipe-like thermoelectric module which is obtained by 
forming a thin film of p-type thermoelectric material 2 and a 
5 thin film of n-type thermoelectric material 3 on either or both 
surfaces of a pipe-like substrate 1 in parallel with the 
longitudinal direction of the substrate. The p-type 

thermoelectric material and the n-type thermoelectric material 
are electrically connected at one opening side to form a 

10 thermoelectric element on the pipe-like substrate. A plurality of 
such thermoelectric elements are then formed on the pipe-like 
substrate, and an unconnected end portion of each thermoelectric 
element is connected with each other, providing a pipe-like 
thermoelectric module. According to such a pipe-like 

15 thermoelectric module, thermoelectric generation can be carried 
out by positioning one opening side of the. thermoelectric module 
at a high-temperature side and positioning the other opening side 
at a low-temperature side. Moreover, thermoelectric generation 
can also be carried out by passing a high-temperature gas through 

20 the pipe to create a temperature difference between a gas inlet 
portion and a gas outlet portion of the pipe. 

Examples of heat sources for the high-temperature side 
include high-temperature heat of about 473K or higher generated 
in automobile engines, industrial plants, thermal power stations, 

25 atomic power stations, - - garbage-incineration facilities, 
microturbines, boilers, and the like; and low-temperature heat of 
about 293K to about 473K, such as solar heat, boiling water, body 
temperature, etc. 

30 EFFECT OF THE INVENTION 

In the thermoelectric element of the invention, a thin film 
of p-type thermoelectric material and a thin film of n-type 
thermoelectric material are formed on an electrically insulating 
substrate. Thus, the thermoelectric element of the invention can 

35 be formed on various forms of substrates, providing various forms 
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of thermoelectric elements. Therefore, the thermoelectric element 
of the invention can be used in various applications, and, for 
example, can be installed in an electronic circuit, used in a 
minute portion, etc. Since a plastic substrate can also be used, 
the thermoelectric element of the invention can also be applied 
to various flexible devices. 

The thermoelectric element of the invention comprises a 
combination of a p-type thermoelectric material and an n-type 
thermoelectric material, each of which comprise a specific 
complex oxide, and have a high thermoelectric conversion 
efficiency and good electrical conductivity. Such a 

thermoelectric element is formed by the thermoelectric materials 
with high thermoelectric conversion efficiency as well as 
excellent thermal stability, chemical durability, etc., and 
exhibits excellent performance. 

The thermoelectric module of the invention employing such a 
thermoelectric element is given excellent thermal resistance, and 
therefore it is not damaged and its electricity generating 
properties are not easily deteriorated even when the high- 
temperature side is rapidly cooled to room temperature from a 
high temperature of about 1000K. 

Since the thermoelectric module of the invention can be 
small in size and has a high output density and also has 
excellent thermal shock resistance as described above, the 
thermoelectric module of the invention can be applied to not only 
industrial plants, garbage-incineration facilities, thermal power 
stations, and atomic power stations but also automobile engines 
with rapidly changing temperatures. 

Moreover, since the thermoelectric module can generate 
electricity from heat energy having a temperature of about 4 73 K 
or lower and can also achieve a high integration of 
thermoelectric elements, the thermoelectric module, when provided 
with a heat source, can be used as a power supply which does not 
require recharging, for use in portable equipment such as mobile 
phones, laptop computers, etc. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1(a) to (e) are plan views and front views showing 
five embodiments of a thermoelectric element. 

Figs. 2(a) to (c) are plan views and front views showing 
5 other embodiments of a thermoelectric element. 

Fig. 3 is a plan view and a front view of another 
embodiment of a thermoelectric element. 

Figs. 4(a) to (c) are plan views and front views showing 
other embodiments of a thermoelectric element. 
10 Fi 9- 5 is a plan view of a substrate for a thermoelectric 

element having a cut portion. 

Fig. 6 is a perspective view showing a thermoelectric 
module formed on a pipe-like substrate. 

Fig. 7 is a plan view showing one embodiment of a 
15 thermoelectric module. 

Fig. 8 is a view schematically showing the thermoelectric 
element of Example 1. 

Fig. 9 is a view schematically showing the thermoelectric 
element of each of Examples 9 to 16. 
20 Fi 9- 10 is a view schematically showing the thermoelectric 

element of each of Examples 17 to 24. 

Fig. 11 is a view schematically showing the thermoelectric 
element of each of Examples 25 to 40. 

Fig. 12 is a view schematically showing the thermoelectric 
25 element of each of Examples 41 to 48. 

Fig. 13 is a view schematically showing the thermoelectric 
element of each of Examples 4 9 to 51. 

Fig. 14 is a graph showing the temperature dependency of 
electrical resistance with regard to the thermoelectric element 
30 of Example 1. 



DESCRIPTION OF REFERENCE NUMERALS 

1 . substrate 

2. p-type thermoelectric material 
-35 3. n-type thermoelectric material 
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4,5. electrically conductive substrate 

BEST MODE FOR CARRYING OUT THE INVENTION 
Hereinafter, the present invention will be described in 
5 more detail with reference to Examples. 

Example 1 

After a target material (sintered body) for use in pulsed 
laser deposition was produced according to the following method, 
10 a thermoelectric element was produced by pulsed laser deposition. 

(1) Preparation of a target material 

(i) Target material for producing a p-type thermoelectric 
material 

15 Using bismuth oxide (Bi 2 0 3 ) , strontium carbonate (SrC0 3 ) and 

cobalt oxide (Co 3 0 4 ) as a raw material, these materials were mixed 
in such a manner as to yield the atomic ratio of Bi:Sr:Co of 
2:2:2. The mixture was calcined at 800°C in air for 10 hours 
using an electric furnace, molded under pressure and heated at 

20 850°C for 20 hours, giving a target material for producing a p- 
type thermoelectric material in the form of a disk-like sintered 
body with a diameter of 2 cm and a thickness of 3 mm. 

(ii) Target material for producing an n-type thermoelectric 
25 material 

Using lanthanum nitrate (La 2 (N0 3 ) 3 -6H 2 0) as a source of La, 
bismuth nitrate (Bi (N0 3 ) 3 -6H 2 0) as a source of Bi, and nickel 
nitrate (Ni (N0 3 ) 2 -6H 2 0) as a source of Ni, these materials were 
completely dissolved in distilled water in such a manner as to 

30 yield the atomic ratio of La:Bi:Ni of 0.9:0.1:1.0. The solution 
was thoroughly mixed while stirring in a crucible of alumina, and 
solidified by evaporating the water. The solidified product was 
calcined at 600°C in air for 10 hours to decompose the nitrate. 
The obtained calcinate was crushed, and then molded under 

35 pressure. The molded body was heated at 1000°C in a 300 ml/min 



oxygen stream for 20 hours, thereby producing a target material 
for an n-type thermoelectric material in the form of a disk-like 
sintered body with a diameter of 2 cm and a thickness of 3 mm. 

(2) Production of thermoelectric elements 

Using each target material, a thin film of p-type 
thermoelectric material and a thin film of n-type thermoelectric 
material were successively deposited onan8mmx8mmxlmm 
quartz glass plate as a substrate by pulsed laser deposition 
using an argon fluoride (ArF) excimer laser. The p-type 
thermoelectric material and n-type thermoelectric material were 
deposited using a mask with an L-shaped opening in such a manner 
as to overlap each other at the short leg of the L shape. The L- 
shaped opening of the mask had a length of 8 mm and a width of 3 
mm on condition that the opening had a width of 5 mm at the 
portion having 2 mm width at one end in the longitudinal 
direction. Each thin film was formed at room temperature without 
heating the substrate. Specific film formation conditions were as 
follows . 

- Laser: ArF excimer laser 

- Laser output: 150 mJ 

- Repetition frequency: 5 Hz 

- Pressure: 5 x 10" 5 Torr 

- Distance between a target and a substrate: 3 cm 

- Substrate: quartz glass 

- Substrate temperature: room temperature 

The thin film of p-type thermoelectric material and the 
thin film of n-type thermoelectric material were formed by the 
above-described method. The thin films were then heated at 650°C 
for 2 hours in air, producing a thermoelectric element. 

The thermoelectric element obtained had the same shape as 
the thermoelectric element shown in Fig. 1(d). The thin film of 
p-type thermoelectric material and the thin film of n-type 
thermoelectric material were formed at an interval of 2 mm, each 
film having a length of 8 mm, a width of 3 mm and a film 
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thickness of 1 to 2 jam. A 2 mm width end portion of each thin 
film was overlapped with each other, thereby establishing an 
electrical connection. The thermoelectric element thus obtained 
is schematically shown in Fig. 8. 

5 

Examples 2 to 8 

The same procedure as in Example 1 was performed except 
that a thin film of p-type thermoelectric material and a thin 
film of n-type thermoelectric material with the compositions 
10 shown in Table 1 were formed, producing thermoelectric elements 
of Examples 2 to 8 . In Tables 1 to 3, the value of e is in the 
range of 8 to 10, k is in the range of 8 to 10, r is in the range 
of 2.7 to 3.3, w is in the range of 3.6 to 4.4 and r' is in the 
range of 2.8 to 3.2. 

15 

Examples 9 to 16 

Thermoelectric materials with the compositions as shown in 
Table 1 are used. A thin film of platinum with a length of 8 mm 
and a thickness of 0.5 |um was formed by sputtering on a portion 

20 having 1 mm width from one side of the 8 mm x 8 mm surface of an 
8mmx8mmxlmm quartz glass plate as a substrate. The 
platinum thin film was formed at room temperature in vacuo using 
argon as a sputtering gas. 

Next, a thin film of p-type thermoelectric material with a 

25 length of 8 mm was deposited on a portion having 3 mm width from 
one side perpendicular to the band-like platinum thin film formed, 
and a thin film of n-type thermoelectric material was further 
deposited on a portion having 3 mm width from the side opposite 
to the portion where the thin film of p-type thermoelectric 

30 material was deposited. Each thin film was deposited by pulsed 
laser deposition under the same conditions as in Example 1. 
Subsequently, a heat treatment was performed under the same 
conditions as in Example 1, producing a thermoelectric element. 

The thermoelectric element thus obtained had the same shape 

35 as the element shown in Fig. 2 (c) . The thin film of p-type 
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thermoelectric material and the thin film of n-type 
thermoelectric material were formed at an interval of 2 mm, each 
film having a width of 3 mm, a length of 8 mm and a thickness of 
1 to 2 |jm. Each thin film partially overlapped with the platinum 
5 thin film, thereby establishing an electrical connection. The 
thermoelectric element is schematically shown in Fig. 9. 

Examples 17 to 24 

Using a mask with an L-shaped opening, a thin film of p- 
10 type thermoelectric material and a thin film of n-type 
thermoelectric material were deposited onan8mmx8mmxlmm 
quartz glass substrate. The L-shaped opening of the mask had a 
width of 3 mm and a length of 8 mm on condition that the opening 
had a width of 4 mm at the portion having 2 mm width at one end 
15 in the longitudinal direction. The p-type thermoelectric material 
and the n-type thermoelectric material were deposited in such a 
manner that the end portion of the short leg of each L-shaped 
deposit was brought into contact with each other at the halfway 
portion of the glass substrate. The p-type thermoelectric 
20 material and the n-type thermoelectric material used in Examples 
17 to 24 had the compositions shown in Table 1 and were deposited 
by pulsed laser deposition in the same manner as in Example 1. 
Subsequently, a heat treatment was performed under the same 
conditions as in Example 1, producing a thermoelectric element. 
25 The thermoelectric element thus . obtained had the same shape 

as the element shown in Fig. 1(a). The thin film of p-type 
thermoelectric material and the thin film of n-type 
thermoelectric material were formed at an interval of 2 mm, each 
film having a width of 3 mm, a length of 8 mm and a thickness of 
1 to 2 (jm. The thin films had a linear contact with each other at 
the end portion of the short leg of the L shape, thereby 
establishing an electrical connection. The thermoelectric element 
thus obtained is schematically shown in Fig. 10. 
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35 Examples 25 to 32 
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A p-type thermoelectric material was deposited on one side 
surface (8 mm x 1 mm surface) of an 8 mm x 8 mm x 1 mm quartz 
glass substrate, and then an n-type thermoelectric material was 
deposited thereon. 
5 Next, an 8 mm long thin film of p-type thermoelectric 

material was deposited on a portion having a 3 mm width from one 
side of the 8 mm x 8 mm surface of the quartz glass substrate. 
Subsequently, an 8 mm long thin film of n-type thermoelectric 
material was further deposited on a portion having a 3 mm width 

10 from the side opposite to the portion where the thin film of p- 
type thermoelectric material was deposited. The thin film of p- 
type thermoelectric material and the thin film of n-type 
thermoelectric material were deposited in such a manner that the 
3 mm long side of each thin film was in contact with a 

15 thermoelectric material formed on a side surface of the substrate. 
The p-type thermoelectric material and the n-type thermoelectric 
material used in Examples 25 to 32 had the compositions shown in 
Table 2 and were deposited by pulsed laser deposition in the same 
manner as in Example 1. Subsequently, a heat treatment was 

20 performed under the same conditions as in Example 1, producing a 
thermoelectric element. 

The thermoelectric element thus obtained had the same shape 
as the element shown in Fig. 4(c). The thin film of p-type 
thermoelectric material and the thin film of n-type 

25 thermoelectric material were formed at an interval of 2 mm, each 
film having a width of 3 mm, a length of 8 mm and a thickness of 
1 to 2 |om. The thin films were in contact with, at a corner of 
the substrate, the electrically conductive film which was formed 
on the side surface of the substrate and which was composed of 

30 thermoelectric materials (a laminate film of a p-type 
thermoelectric material and an n-type thermoelectric material) , 
thereby establishing an electrical connection. The thermoelectric 
element thus obtained is schematically shown in Fig. 11. 

35 Examples 33 to 40 
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A platinum was deposited on one side surface (8 mm x 1 mm 
surface) of an 8 mm x 8 mm x 1 mm quartz glass substrate in the 
same manner as in Examples 9 to 16. 

Next, an 8 mm long thin film of p-type thermoelectric 
5 material was deposited on a portion having a 3 mm width from one 
side of the 8 mm x 8 mm surface of the quartz glass substrate. 
Subsequently, an 8 mm long thin film of n-type thermoelectric 
material was further deposited on a portion having a 3 mm width 
from the side opposite to the portion where the thin film of p- 

10 type thermoelectric material was deposited. The thin film of p- 
type thermoelectric material and the thin film of n-type 
thermoelectric material were deposited in such a manner that the 
3 ram long side of each thin film was in contact with a platinum 
thin film formed on a side surface of the substrate. The p-type 

15 thermoelectric material and the n-type thermoelectric material 
used in Examples 33 to 40 had the compositions shown in Table 2 
and were deposited by pulsed laser deposition in the same manner 
as in Example 1. Subsequently, a heat treatment was performed 
under the same conditions as in Example 1, producing a 

20 thermoelectric element. 

The thermoelectric element thus obtained had the same shape 
as the element shown in Fig. 4(c). The thin film of p-type 
thermoelectric material and the thin film of n-type 
thermoelectric material were formed at an interval of 2 mm, each 

25 film having a width of 3 mm, a length of 8 mm and a thickness of 
1 to 2 |jm. The thin films were in contact with, at a corner of 
the substrate, the electrically conductive film which was the 
platinum thin film and was formed on the side surface of the 
substrate, thereby establishing an electrical connection. The 

30 thermoelectric element thus obtained is schematically shown in 
Fig. 11. 

Examples 41 to 48 

A p-type thermoelectric material was deposited in such a 
35 manner as to have a length of 4 mm from one side of one side 
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surface (8 mm x 1 mm surface) ofan8mmx8mmxlmm quartz 
glass substrate. Subsequently, an n-type thermoelectric material 
was further deposited in such a manner as to have a length of 4 
mm from the opposite side of the same side surface. The thin film 
5 of p-type thermoelectric material and the thin film of n-type 
thermoelectric material had a linear contact with each other at 
the 1 mm long side. 

Next, an 8 mm long thin film of p-type thermoelectric 
material was deposited on a portion having a 3 mm width from one 

10 side of the 8 mm x 8 mm surface of the quartz glass substrate. 
Subsequently, an 8 mm long thin film of n-type thermoelectric 
material was further deposited on a portion having a 3 mm width 
from the side opposite to the portion where the thin film of p- 
type thermoelectric material was deposited. The thin film of p- 

15 type thermoelectric material was deposited in such a manner that 
the 3 mm long side was in contact with the p-type thermoelectric 
material formed on one side surface of the substrate at a corner 
of the substrate. The thin film of n-type thermoelectric material 
was deposited in such a manner that the 3 mm long side was in 

20 contact with the n-type thermoelectric material formed on one 
side surface of the substrate at a corner of the substrate. The 
p-type thermoelectric material and the n-type thermoelectric 
material used in Examples 41 to 48 had the compositions shown in 
Table 2 and were deposited by pulsed laser deposition in the same 

25 manner as in Example 1. Subsequently, a heat treatment was 
performed under the same conditions as in Example 1, producing a 
thermoelectric element. 

The thermoelectric element thus obtained had the same shape 
as the element shown in Fig. 4(a). The thin film of p-type 

30 thermoelectric material and the thin film of n-type 
thermoelectric material were formed at an interval of 2 mm, each 
film having a width of 3 mm, a length of 8 mm and a thickness of 
1 to 2 jam. The thin film of the thermoelectric material was in 
contact with, at a corner of the substrate, the thin film of the 

35 thermoelectric material formed on the side surface of the 
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substrate, thereby establishing an electrical connection. The 
thermoelectric element thus obtained is schematically shown in 
Fig. 12. 

5 Examples 49 to 51 

On one side surface of a shorter side (3 mm x 1 mm surface) 
of a quartz glass substrate with a length of 8 mm, width of 3 mm 
and a thickness of 1 mm, an electrically conductive film 
comprising a thin film of platinum, Ca 2 . 7Bi 0 .3Co 4 O e or La 0 .9Bi 0 .iNiO r 

10 was deposited. Platinum was deposited in the same manner as in 
Examples 9 to 15, and Ca 2 . 7 Bio.3Co 4 Oe or Lao. 9 Bi 0 .iNiO r was deposited 
in the same manner as in Example 1 . 

Subsequently, a p-type thermoelectric material with a 
composition represented by Ca 2 .7Bio.3Co 4 Oe was deposited on one 8 mm 

15 x 3 mm surface of the glass substrate and an n-type 
thermoelectric material with a composition represented by 
La 0 .9Bi 0 .iNiO r was deposited on the other 8 mm x 3 mm surface 
thereof. Each thin film was deposited in the same manner as in 
Example 1. Subsequently, a heat treatment was performed under the 

20 same conditions as in Example 1, producing a thermoelectric 
element. 

In the thermoelectric element thus obtained, the thin film 
of p-type thermoelectric material and the thin film of n-type 
thermoelectric material were in contact with the electrically 
25 conductive film comprising platinum, Ca 2 .7Bio.3Co 4 Oe or Lao. 9 Bi 0 .iNiO r 
at a corner of the substrate, thereby establishing an electrical 
connection. The thermoelectric element thus obtained is 

schematically shown in Fig. 13. 

30 Property Test Example 1 

The Seebeck coefficients of the p-type thermoelectric 
material and the n-type thermoelectric material of the 
thermoelectric element obtained in Example 1 were measured at 
room temperature by the method described below. 

35 First., a heater was wound around one of two K-type 
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thermocouples and heated. One thermocouple was brought into 
contact with one end of the thermoelectric material and the other 
thermocouple was brought into contact with the other end of the 
thermoelectric material. The temperature and generated voltage 
were measured. This generated voltage was divided by the 
temperature difference between the two thermocouples to determine 
the Seebeck coefficient of each thermoelectric material. As a 
result, the Seebeck coefficient of the p-type thermoelectric 
material part was 85 pV/K and the Seebeck coefficient of the n- 
type thermoelectric material part was -13 jaV/K. 

The Seebeck coefficients of the thermoelectric elements 
obtained in Examples were measured in the same manner as 
described above, which showed that the Seebeck coefficient of the 
p-type thermoelectric material part of each Example was in the 
range of 60 to 120 pV/K and the Seebeck coefficient of the n-type 
thermoelectric material part of each Example was in the range of 
-5 to -25 jiV/K. 

In each thermoelectric element, a platinum wire was adhered 
by applying silver paste to each end opposite to the end where 
the p-type thermoelectric material and the n-type thermoelectric 
material were electrically connected. The platinum wires were 
connected to a voltmeter, and the element was placed in an 
electric furnace and heated to 500°C. The one end portion of the 
thermoelectric element, to which the platinum wires were adhered, 
was air-cooled using an air pump, thereby creating a temperature 
difference of 30 to 40°C between the low-temperature portion and 
the high-temperature portion. The generated voltage (open circuit 
voltage) at this time was measured. 

The thermoelectric element obtained in Example 1 had a 
generated voltage (open circuit voltage) of 3.4 mV. The generated 
voltages (open circuit voltages) of the thermoelectric elements 
obtained in the Examples are shown in Tables 1 to 3. 

Fig. 14 is a graph showing the temperature dependency of 
the electrical resistance of the thermoelectric element obtained 
in Example 1. The electrical resistance was in the range of 350 
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to 1000 Q at temperatures from room temperature to 650°C. 

As the high-temperature portion, the end where the p-type 
thermoelectric material and the n-type thermoelectric material 
were electrically connected was heated to 500°C. The other end 
5 was then air-cooled, to create a temperature difference of 38°C. 
At this time, the thermoelectric element obtained in Example 1 
had output of power generation of 8.3 nW. Tables 1 to 3 also show 
the output of power generation measured in the same manner as 
described above with reference to the thermoelectric elements 
10 obtained in the Examples. 
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Table 1 



1_/A£U 1 1 JJ ICo 


p-type uici ii lOciccinc maicnai/ 
n-type thermoelectric material 


Open circuit 
voltape ( mVl 

High 
temperature 
portion 500°C 
Temperature 
difference 


Electrical 

1 w LbiaJ IvC 
(O) 

500°C 


Output (nW) 

Utah 

temperature 
portion 500°C 
Temperature 
difference 
30to40°C 


1 


Bi2Sr2Co20k/Lan oBin iNiO r 


3.4 


350 
^7 u f 


0.0 


2 


Bi2.2Sr2.2Co 2 Ok/LaNiO r 


3.2 




7 1 
/ . jL 


3 


Bii ftPbn aSri »Can ^Co^O^/LaNi a o 
Cuo.iOr- 


3 1 


JUJ 




4 


Bi 2 Ba 2 Co 2 O k /La I 8 Bi 0 2 NiO w 


3.3 


355 


7.7 


5 


Ca 2 7Bin 3Co40 e /Lan oBin iNiOr 


2 . 9 


4 90 

" ~y \J 


H m O 


6 


Ca 3 Co 4 Oe/LaNiO r 


2 . 6 


S10 




7 


Ca3 iNao 3 CcuOfVLaNin qCua lOr- 


2 . 7 






8 


Ca 2 ?Bio 3Co 4 O e /Lai 8 Bin ?NiO w 


2 . 9 


s^o 


ft . V 


9 


Bi2Sr2Co 2 Ok/Lan oBio iNiOr 


3 . 1 


370 


O . O 


10 


Bi2.2Sr 2 .2Co20k/LaNiO r 


3.2 


375 


0.0 


11 


Bii sPbo 4 Sri «Can dCooOiV 
LaNio.9 Cuo.iO r ' 


3 . 0 


3R0 


R Q 

•J . -7 


12 


Bi 2 Ba 2 Co 2 O k /Lai 8 Bio. 2 NiO w 


3.2 


375 


6.8 


13 


Ca 2 7Bin 3Co40 e /Lan gBin iNiOr 


2 . 8 


sin 


^ 1 


14 


Ca 3 Co 4 Oe/LaNiO r 


2 . 8 


RRO 


0.0 


15 


Ca 3 3Nan 3 CoaOiVLaNin oCun iOr- 


2.7 


S30 
j j u 




16 


Ca? 7Bin 3Co40e/Lai rBia ->NiO„, 


2 . 9 


S40 


•3 • 


17 


Bi 2 Sr2Co20k/Lan qBin iNiOr 


3. 1 


370 


D . O 


18 


Bi2.2Sr 2 .2Co 2 Ok/LaNiO r 


3.3 


370 


7.4 


19 


Bii.8Pbo.4Sr 18 Cao.4Co20 k / 
LaNio.9 Cuo.iO r ' 


3.0 


360 


6.3 


20 


Bi 2 Ba 2 Co 2 O k /Lai 8 Bi 0 2NiO w ! 


3.1 


380 


6.3 


21 


Ca2.7Bio.3Co 4 O e /Lao.9Bio iNiO r j 


3.0 


510 


4.4 


22 


Ca 3 Co 4 O e /LaNiO r 


2.9 


520 


4.0 


23 


Ca 3 .3Na 0 .3 Co 4 O e /LaNio.9Cu 0 iO r - 


2.9 


500 


4.2 


24 


Ca2.7Bio.3Co 4 Oe/La,. 8 Bio 2 NiO w 


2.7 


530 


3.4 



Table 2 





p-iype uici 1 1 luciccuic nimcriai' 
n-type thermoelectric material 


Open circuit 
voltage (mV) 

High 
temperature 
portion 500°C 
Temperature 

difffTPTlCP 

Villi wi I W 

30to40°C 


Electrical 

■ wUUU 1 ^_ V 
(^) 

500°C 


Output (nW) 

temperature 
portion 500°C 
Temperature 
difference 
->Ut0 4U (_, 


25 


Bi 2 Sr 2 Co 2 O k /Lao. 9 Bi 0 . iNiO r 


2.9 


390 


5.4 


26 


Bi 2 2 Sr 2 2 Co 2 O k /LaNiO r 


3.0 


370 


6.1 1 


27 


Bii.8Pbo.4Sr I8 Cao.4Co 2 O k / 
LaNio.9 Cuo.iOr 


3.2 


385 


6.6 


28 


Bi 2 Ba 2 Co 2 O k / 
Lai. 8 Bio. 2 NiO w 


3.1 


390 


6.2 


29 


Ca 2 .7Bio.3Co 4 Oe/Lao.9Bio iNiOr 


2.9 


560 


3.8 


30 


Ca 3 Co 4 O e /LaNiO r 


2.7 


550 


3.3 


31 


Ca 3 . 3 Na 0 .3 Co 4 O e 
/LaNi 0 .9Cu 0 .iO r > 


2.8 


550 


3.6 


32 


Ca 2 .7Bio.3Co 4 Oe/Lai.8Bio. 2 NiOw 


2.8 


540 


3.6 


33 


Bi 2 Sr 2 Co 2 O k /La 0 .9Bi 0 .iNiO r 


3.1 


375 


6.4 


34 


Bi 22 Sr 22 Co 2 O k /LaNiO r 


3.3 


390 


7.0 


35 


Bii.8Pbo. 4 Sri. 8 Ca 0 . 4 Co 2 O k /LaNio.9 

Cu 0 .lO r 


3.0 


380 


5.9 


36 


Bi 2 Ba 2 Co 2 O k /Lai. 8 Bi 0 . 2 NiO w 


3.1 


375 


6.4 


37 


Ca 2 . 7 Bio.3Co 4 Oe/Lao.9Bio iNiO r 


2.9 


520 


4.0 


38 


Ca 3 Co 4 O e /LaNiO r 


2.8 


550 


3.6 


39 


Ca 3 . 3 Nao.3 Co 4 O e / 
LaNio.9Cuo.1Or- 


2.9 


570 


3.7 


40 


Ca 2 . 7 Bio.3Co 4 Oe/Lai. 8 Bio 2NiO w 


2.7 


555 


3.3 


41 


Bi 2 Sr 2 Co 2 O k /La 0 .9Bi 0 .iNiO r 


2.9 


400 


5.3 


42 


Bi 22 Sr 2 . 2 Co 2 O k /LaNiO r 


3.1 


405 


5.9 


43 


Bii. 8 Pb 0 . 4 Sri. 8 Ca 0 . 4 Co 2 O k / 
LaNio.9 Cuo.jO r 


3.2 


390 


6.6 


44 * 


Bi 2 Ba 2 Co 2 O k /Lai. 8 Bi 0 2 NiO w 


3.0 


385 


5.8 


45 


Ca 2 7 Bio.3Co 4 O e /Lao.9Bio iNiO r 


3.1 


530 


4.5 


46 


Ca 3 Co 4 O e /LaNiO r 


2.9 


520 


4.0 


47 


Ca 3 .3Na 0 3 Co 4 O e / 
LaNio.9Cuo.1Or- 


2.7 


525 


3.5 


48 


Ca 2 . 7 Bio.3Co 4 Oe/ 
Lai. 8 Bi 0 . 2 NiO w 


2.8 


560 


3.5 
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Table 3 



Examples 


Electrically 
conductive film 


p-type thermoelectric material/ 
n-type thermoelectric material 


Open circuit 
voltage 
(mV) 

hUgtl 

temperature 
portion 
500°C 
Temperature 
difference 
30to40°C 


Electrical 
resistance 

(O) 
500°C 


Output (nW) 

High 
temperature 
portion 
500°C 
Temperature 
difference 
30to40°C 


49 


Pt 


Ca2.7Bio.3Co 4 Oe/Lao.9Bio.iNiO r 


2.8 


490 


4.0 


50 


Ca 2 7Bio. 3 Co 4 Oe 


Ca 2 . 7 Bi 0 3Co 4 Oe/Lao.9Bi 0 .iNiO r 


3.2 


540 


4.7 


51 


La 0 .9Bi 0 .iNiO r 


Ca2.7Bio.3Co 4 Oe/Lao.9Bio.iNiO r 


3.5 


500 


4.5 



Example 52 

5 After a sputtering target was produced by the following 

method, a thermoelectric element was produced by sputtering. 

(1) Preparation of a target 

(i) Target material for producing a p-type thermoelectric 
10 material 

Using bismuth oxide (Bi 2 0 3 ) , strontium carbonate (SrC0 3 ) and 
cobalt oxide (Co 3 0 4 ) as a raw material , these materials were mixed 
in such a manner as to yield the atomic ratio of Bi:Sr:Co of 
2:2:2. The mixture was calcined at 800°C in air for 10 hours 
15 using an electric furnace, molded under pressure and heated at 
850°C for 20 hours. A copper plate was covered with the obtained 
powder in such a manner that a diameter is 10 cm and a thickness 
is 2 mm, giving a target material for producing a p-type 
thermoelectric material. 

20 

(ii) Target material for producing an n-type thermoelectric 
material 

Using lanthanum nitrate (La 2 (N0 3 ) 3 -6H 2 0) as a source of La, 
bismuth nitrate (Bi (N0 3 ) 3 -6H 2 0) as a source of Bi, and nickel 
25 nitrate (Ni (N0 3 ) 2 -6H 2 0) as a source of Ni, these materials were 
completely dissolved in distilled water in such a manner as to 
yield the atomic ratio of La:Bi:Ni of 0.9:0.1:1.0. The solution 
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was thoroughly mixed while stirring in a crucible of alumina, and 
solidified by evaporating the water. The solidified product was 
calcined at 600°C in air for 10 hours to decompose the nitrates. 
The obtained calcinate was crushed, and then molded under 
5 pressure. The molded body was heated at 1000°C in a 300 ml/min 
oxygen stream for 20 hours. A copper plate was covered with the 
obtained powder in such a manner that a diameter is 10 cm and a 
thickness is 2 mm, giving a target material for producing an n- 
type thermoelectric material. 

10 

(2) Production of thermoelectric elements 

Using each target material, a thin film of p-type 
thermoelectric material and a thin film of n-type thermoelectric 
material were successively deposited onan8mmx8mmxlmm 

15 polyimide film as a substrate by RF sputtering. The p-type 
thermoelectric material and n-type thermoelectric material were 
deposited using a mask with an L-shaped opening in such a manner 
as to overlap each other at the short leg of the L shape. The Li- 
shaped opening of the mask had a length of 8 mm and a width of 3 

20 mm on condition that the opening had a width of 5 mm at the 
portion having 2 mm width at one end in the longitudinal 
direction. The substrate was not heated and the temperature 
increase due to plasma was adjusted to 260°C or lower. Specific 
film formation conditions were as follows. 

25 - Sputtering gas: Ar 

- RF power: 50 to 200 W 

- Substrate: polyimide film 

A thin film of p-type thermoelectric material and a thin 
film of n-type thermoelectric material were formed by the above- 
30 described method. 

The thermoelectric element thus obtained had the same shape 
as the element shown in Fig. 1(d). The thin film of p-type 
thermoelectric material and the thin film of n-type 
thermoelectric material were formed at an interval of 2 mm, each 
35 film having a length of 8 mm, a width of 3 mm, and a thickness of 
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1 to 2 jam. A 2 mm width end portion of each thin film was 
overlapped with each other, thereby establishing an electrical 
connection. The thermoelectric element thus obtained is 

schematically shown in Fig. 8. 

5 

Examples 53 to 59 

The same procedure as in Example 52 was performed except 
that a thin film of p-type thermoelectric material and a thin 
film of n-type thermoelectric material with the compositions 

10 shown in Table 4 were formed, thereby producing thermoelectric 
elements of Examples 53 to 59. The heating temperature during the 
production of a raw material powder varied in the range of 700 to 
1100°C depending on the specific composition. 

In Table 4, the value of e is in the range of 8 to 10, k is 

15 in the range of 8 to 10, r is in the range of 2.7 to 3.3, w is in 
the range of 3.6 to 4.4 and r' is in the range of 2.8 to 3.2. 

The thermoelectric elements obtained in Examples 52 to 59 
were measured for the generated voltage (open circuit voltage) , 
electrical resistance and power generation output in the same 

20 manner as in Example 1. Table 4 shows the measurement results. 



Table 4 



Examples 


p-type thermoelectric material/ 
n-type thermoelectric material 


Open circuit 
voltage (mV) 

High 
temperature 
portion 100°C 
Temperature 
difference 
30to40°C 


Electrical 
resistance 
(P) 
100°C 


Output (nW) 
High temperature 
portion 100°C 
Temperature 
difference 
30to40°C 


52 


Bi 2 Sr 2 Co 2 O k /La 0 9 Bi 0 .iNiO r 


1.5 


670 


0.84 


53 


Bi 22 Sr 22 Co 2 O k /LaNiO r 


1.3 


680 


0.62 


54 


Bii 8Pbo.4Sri 8Cao.4Co 2 0|</ 
LaNio.9 Cuo.iO r ' 


1.2 


685 


0.52 


55 


Bi 2 Ba 2 Co 2 O k /Lai. 8 Bio. 2 NiO w 


1.4 


675 


0.72 


56 


Ca 3 7Bio.3Co 4 Oe/Lao.9Bio.iNiOr 


1.1 


710 


0.42 


57 


Ca 3 Co 4 O e /LaNiO r 


0.9 


720 


0.28 


58 


Ca3. 3 Nao.3Co40e/LaNio.9Cuo.iO r 


1.0 


730 


0. 34 


59 


Ca 2 . 7 Bio.3Co40e/Lai.8Bio. 2 NiO w 


1.1 


740 


0.41 
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Example 60 

After a raw material powder for aerosol deposition was 
prepared by the following method, a thermoelectric element was 
produced by aerosol deposition using a sheet of polyimide resin 
5 (tradename: Capton) as a substrate. 

(1) Production of a raw material powder 

(i) p-type thermoelectric material powder 

Using calcium carbonate (CaCo 3 ) , bismuth oxide (Bi 2 0 3 ) and 
10 cobalt oxide (Co 3 0 4 ) as a raw material, these materials were mixed 
in such a manner as to yield the atomic ratio of Ca:Bi:Co of 
2.7:0.3:4. The mixture was calcined at 800°C in air for 10 hours 
using an electric furnace, molded under pressure and sintered at 
850°C for 20 hours. The sintered body was crushed using a ball 
15 mill, yielding a raw material powder with an average particle 
diameter of 4 pm for a p-type thermoelectric material represented 
by the formula: Ca 2 . 7 Bio.3C0 4 Oe. 

(ii) n-type thermoelectric material powder 

20 Using lanthanum nitrate (La 2 (N0 3 ) 3 -6H 2 0) as a source of La, 

bismuth nitrate (Bi (N0 3 ) 3 -6H 2 0) as a source of Bi, and nickel 
nitrate (Ni (N0 3 ) 2 -6H 2 0) as a source of Ni, these materials were 
completely dissolved in distilled water in such a manner as to 
yield the atomic ratio of La:Bi:Ni of 0.9:0.1:1.0. The solution 

25 was thoroughly mixed while stirring in a crucible of alumina, and 
solidified by evaporating the water. The solidified product was 
calcined at 600°C in air for 10 hours to decompose the nitrates. 
The obtained calcinate was crushed, and then molded under 
pressure. The molded body was heated at 1000°C in a 300 ml/min 

30 oxygen stream for 20 hours. The sintered body was then crushed 
using a ball mill, yielding a raw material powder with an average 
particle diameter of 4 for an n-type thermoelectric material 

represented by the formula: La 0 .9Bi 0 .iNiO r . 

35 (2) Production of thermoelectric elements 
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A thin film of p-type thermoelectric material and a thin 
film of n-type thermoelectric material were successively 
deposited onto an8mmx8mmx0.05mm polyimide (tradename: 
Capton) sheet as a substrate in a reduced chamber having a 
5 pressure of 1 KPa, producing a thermoelectric element. The p-type 
thermoelectric material and n-type thermoelectric material were 
deposited using a mask with an L-shaped opening in such a manner 
as to overlap each other at the short leg of the L shape. The Li- 
shaped opning of the mask had a length of 8 mm and a width of 3 

10 mm on condition that the opening had a width of 5 mm at the 
portion having 2 mm width at one end in the longitudinal 
direction. Each film was formed at room temperature without 
heating the substrate. 

Specific film formation conditions were as follows. Helium 

15 (He) was used as a carrier gas, the raw material powder for p- 
type thermoelectric material and the raw material powder for n- 
type thermoelectric material were successively sprayed at a gas 
flow rate of 7 L/minute and at a distance between a nozzle and a 
substrate of 15 mm, providing a thermoelectric element on which a 

20 thin film of p-type thermoelectric material and a thin film of n- 
type thermoelectric material were formed, each film having a 
thickness of about 50 jam. After the formation of the thin films, 
no heating was performed. 

The thermoelectric element thus obtained had the same shape 

25 as the element shown in Fig. 1(d)-. The thin film of p-type 
thermoelectric material and the thin film of n-type 
thermoelectric material were formed at an interval of 2 mm, each 
film having a length of 8 mm and a width of 3 mm. A 2 mm width 
end portion of each thin film was overlapped with each other, 

30 thereby establishing an electrical connection. When the high- 
temperature portion of the element was heated by an electric 
heater to 150°C and the low-temperature portion was adjusted to 
120°C, a power of 4.7 nW was generated. 

35 Examples 61 to 67 
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The same procedure as in Example 60 was performed except 
that a thin film of p-type thermoelectric material and a thin 
film of n-type thermoelectric material with the compositions 
shown in Table 5 were formed, thereby producing the 
5 thermoelectric elements of Examples 61 to 67. The heating 
temperature during the production of a raw material powder varied 

in the range of 700 to 1100°C depending on the specific 
composition. 

In Table 5, the value of e is in the range of 8 to 10, k is 
10 in the range of 8 to 10, r is in the range of 2.7 to 3.3 and w is 
in the range of 3.6 to 4.4. 

The thermoelectric elements obtained in Examples 60 to 67 
were measured for generated voltage (open circuit voltage) , 
electrical resistance and power generation output in the same 
15 manner as in Example 1. Table 5 shows the measurement results. 



Table 5 



Examples 


p-type thermoelectric material/ 
n-type thermoelectric material 


Open circuit 
voltage (mV) 

High 
temperature 
portion 100°C 
Temperature 
difference 
30to40°C 


Electrical 
resistance 
(fi) 
100°C 


Output (nW) 
High temperature ■ 
portion 100°C 
Temperature difference 
30to40°C 


60 


Ca 2 7Bio.3Co 4 O e /Lao.9Bio.iNiO r 


1.5 


330 


1.7 


61 


Ca 3 Co 4 O e /LaNiO r 


1.2 


360 


1.0 


62 


Ca2.7Bio.3Co40e/Lai. 8 Bio.2NiO w 


1.4 


365 


1.3 


63 


Ca3Co40 e /La2Nio.9Cuo. i O w 


1.3 


. 355 


1.2 


64 


Bi 2 Sr 2 Co 2 O k /La 0 . 9 Bio. iNiO r 


0.9 


490 


0.4 


65 


Bi 2 2 Sr 2 . 2 Co 2 O k /LaNiO r 


1.1 


510 


0.6 


66 


Bi,. 8 Pb 0 . 2 Ca 2 Co 2 O k / 
Lai.gBio 2 NiO w 


1.1 


480 


0.6 


67 


Bi 2 .iCa 0 .4Sri. 7 Co 2 Ok/ 
La 2 Ni0.9Coo.iO w 


1.0 


490 


0.5 



20 Example 68 

After a sputtering target was produced by the following 
method, a thermoelectric element was produced by sputtering. 



(1) Preparation of a target 

(i) Target material for producing a p-type thermoelectric 
material 

Using bismuth oxide (Bi 2 0 3 ) , strontium carbonate (SrC0 3 ) and 
5 cobalt oxide (Co 3 0 4 ) as a raw material, these materials were mixed 
in such a manner as to yield the atomic ratio of Bi:Sr:Co of 
2:2:2. The mixture was calcined at 800°C in air for 10 hours 
using an electric furnace, molded under pressure and heated at 
850°C for 20 hours. A copper plate was covered with the obtained 
10 powder in such a manner that a diameter is 10 cm and a thickness 
is 2 mm, giving a target material for producing a p-type 
thermoelectric material. 

(ii) Target material for producing an n-type thermoelectric 
15 material 

5 wt% of gallium oxide (Ga 2 0 3 ) was added to zinc oxide (ZnO) , 
and the mixture was sintered, producing a disk-like sintered 
target 10 cm in diameter and 3 mm in thickness. 

20 (2) Production of a thermoelectric element 

Using each target material, a thin film of p-type 
thermoelectric material and a thin film of n-type thermoelectric 
material were successively deposited on an 8 mmx 8mmx 0.5mm 
polyimide film as a substrate by RF sputtering. The p-type 

25 thermoelectric material and n-type thermoelectric material were 
deposited using a mask with an L-shaped opening in such a manner 
as to overlap each other at the short leg of the L shape. The L- 
shaped opening of the mask had a length of 8 mm and a width of 3 
mm on condition that the opening had a width of 5 mm at the 

30 portion having 2 mm width at one end in the longitudinal 
direction. The substrate was not heated and the temperature 
increase due to plasma was adjusted to 260°C or lower. Specific 
film formation conditions were as follows. 
- Sputtering gas: Ar, 0 2 

35 - .RF power: 50 to 200 W 
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- Substrate: polyimide film 

A thin film of p-type thermoelectric material and a thin 
film of n-type thermoelectric material were formed by the above- 
described method. 

5 The thermoelectric element thus obtained had the same shape 

as the element shown in Fig. 1(d). The thin film of p-type 
thermoelectric material and the thin film of n-type 
thermoelectric material were formed at an interval of 2 mm, each 
film having a length of 8 mm, a width of 3 mm and a thickness of 
10 1 to 2 urn. A 2 mm width end portion of each thin film was 
overlapped with each other, thereby establishing an electrical 
connection. The thermoelectric element thus obtained is 

schematically shown in Fig. 8. 

15 Examples 69 to 75 

The same procedure as in Example 68 was performed except 
that a thin film of p-type thermoelectric material and a thin 
film of n-type thermoelectric material with the compositions 
shown in Table 6 were formed, thereby producing the 

20 thermoelectric elements of Examples 69 to 75. The heating 
temperature for producing the raw material powder varied in the 
range of 700 to 1100°C depending on the specific composition. 

In Table 6, the value of e is in the range of 8 to 10, k is 
in the range of 8 to 10, z is in the range of 0.9 to 1.1 and zz 

25 is in the range, of 1.9 to 3. 

The thermoelectric elements obtained in Examples 68 to 75 
were measured for generated voltage (open circuit voltage) , 
electrical resistance and power generation output in the same 
manner as in Example 1. Table 6 shows the measurement results. 
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Table 6 



Examples 


p-type thermoelectric material/ 
n-fvDe thermoelectric material 


Open circuit 

vol (TP An\/^ 

High 
temperature 
portion 100°C 
Temperature 
difference 


Electrical 

nf*c 1 el's* n r*f* 
I Co 10 uU ICC 

(O) 
100°C 


Output (nW) 
lUgn icinpeiaiure 
portion 100°C 
Temperature difference 
30to40°C 


68 


Bi2Sr 2 Co20k/Gan iZno q0 7 


2 . 9 


570 


3 69 


69 


Bi2.2Sr2.2Co20k/Alo.iZno.90 z 


2.6 


590 


2.86 


70 


Bii.8Pbo.4Sri.8Ca 0 .4Co 2 Ok/ 
Ino.1Zno.9Oz 


2.7 


610 


2.99 


71 


Bi 2 Ba 2 Co20k/Sno.iIni.90 zz 


2.5 


585 


2. 67 


72 


Ca3.7Bio.3C04OeZGao.1Zno.9Oz 


2.6 


610 


2.77 


73 


Ca 3 Co40e/Alo.iZn 0 9 O z 


2.8 


600 


3.27 


74 


Ca 3 . 3 Nao.3 Co40 e /Ino.iZno.90 z 


2.4 


605 


2.38 


75 


Ca2.7Bio.3Co40 e /Sno.iIni.90 Z z 


2.2 


595 


2.03 



Hereinafter, as Reference Examples, the various property 
values are given for various thermoelectric materials each 
5 comprising a complex oxide with a specific composition. 

Reference Example 1 

A complex oxide having properties of the p-type 
thermoelectric material represented by the formula CaaA X bCo c A 2 d Oe or 

10 Bi f Pb^yi 1 hCoiM 2 jO k was prepared by the following method. 

Using carbonate or oxide comprising an element of an 
intended complex oxide as starting materials, these starting 
materials were mixed in such a manner as to yield the same 
element ratio as that of the complex oxides represented by the 

15 formula shown in Tables 7 to 74. The mixture was calcined at 1073 
K for 10 hours in air to yield a calcinate. The calcinate was 
crushed and molded under pressure, and the molded body was heated 
in a 300 mL/min oxygen stream for 20 hours. The result was 
crushed and molded under pressure, and the molded body was hot- 

20 press sintered in air under uniaxial pressure of 10 MPa for 20 
hours, thereby producing complex oxides for a p-type 
thermoelectric material. The heating temperature for producing 
each complex oxide varied in the range of 1073 to 1273 K 
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depending on the specific composition. The hot-press temperature 
during the production of each complex oxide varied in the range 
of 1123 to 1173 K depending on the specific composition 

The complex oxides obtained were measured for the Seebeck 
5 coefficient at 700°C, electrical resistivity at 700°C and thermal 
conductivity at 700°C. Tables 7 to 74 show the measurement 
results . 
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Table 7 



p-type 



Composition 
CaaA^CocA^Oe 


Seebeck Coefficient 
HV/K (700°C) 


Electrical 

Rp^i 1 vi tv 

mQcm (700°C) 


Thermal Conductivity 
W/mK (700°C) 


Ca 3 Co 4 0 9 


205 


5.5 


2. 5 


Ca 9 vNan iCo^Oq 


198 


4 2 


9 9 


Ca 9 iCo^CL 


195 


VJ 


9 9 


Ca? tLIa oCo^Oq 

^^*2. 7 0. 3 ^^4 9 


200 


7 9 


9 A 
Z. ^ 


Ca«j ^Tin iCo,«Oq 

L 7 * ""-O. 3^ w 4 9 


205 


u. 0 


9 i 


Z. 7 f 0. 3 Ky ^ , 4^ f 9 


198 


R 7 


9 R 


Ca^ 7Cl*Q 3 Co 4 0 9 


XsJsS 


D. £ 


0 
0 


Ca«5 'Alrin oCo^Ort 

"Z. 7 H). 3 4 9 


210 


U. O 


9 

Z. O 


2. 7 0. 3 vyvy 4 9 


909 


O 
O 


z. y 


Cao -rNin oCO>i0« 
*-"«-*2. 7 1 A 0. 3^^4 V 9 


204 


7 Q 

I . y 


1 0 
1. y 


Cao -rCUn oCO.Oo 

v ^ c *2. T^^O. 3 V ^^4 W 9 


1Q7 


0. y 


0 0 


(jfirt **7x\^ „(V^ 




^ Q 

0. y 


Z. b 


Cao -rPhrt oCo^Ort 




7 R 


Z. 0 


Cao -tSto 0C0XL 

ua Z 7^-"- 0. 3^^4 W 9 




O. 0 


Q 
O 


Cao -tRpl^ oCo>0^ 

vu 2. 7 L ' CI 0. 3 VyW 4 v -'9 




0. 0 


1. y 


Ca^ -rAl« oCo-fL 

7** A 0. 3 V - /Vy 4 vy 9 


901 


0. *t 


z 


Cao J3"L oCo.O^ 

T*-* A 0. 3 V ^ J 4 W 9 


90R 




z. z. 


Cao ^Yn oCo.Ou 




7 c: 


0 0 

z. O 


dao tI S\n ofrO-.0/N 

WCA 2. 7 J - jC *0. 3^ a ^4 vy 9 




0. y 


1 0 

i. y 


Lao JiZpin rtlJOjO^. 


90\ 


0. 1 


O. 1 


Ca> vPr rt oCo.On 

v - /t *2. 7 1 0. 3 v ^ v ^4 vy 9 


?07 


7 £ 


Z. b 


Cao tNcL oCo^CL 




0. y 


Z. / 


po c m n 

Uao. 3^4 U 9 


1 no 
19o 


5. 8 


2.4 


Pc p., C/s n 
Ua 2 .7 liU 0.3^ o 4 U 9 


1 on 

iyy 


7. 2 


L9 


p«a riri fVk n 
ua z tUOq 3 ud 4 u 9 


zOl 


8. 2 


3 


Ca 9 tDvo iCo^Oq 


200 


7 1 


9 1 
z. 1 


Ca£ 7 Ho 03 Co 4 0 9 


206 


6.5 


2.2 


Ca^ 7Er 0 3 Co 4 0 9 


205 


6.9 


2.6 


Ca Z7 Yb 03 Co 4 0 9 


198 


7 


2. 7 










Ca 3Co 3 .8Ti 02 0 9 


200 


6.8 


1.9 


Ca 3 Co a8 V 02 09 


203 


7.2 


2.9 


Ca 3 Co 3 sCr 0 2 0 9 


201 


5.9 


2.4 
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Table 8 



CaXOa Ml\n oOq 
o o. tr <J. i y 


208 


8. 1 


2.6 


O a. o U. i y 


198 


7.2 


2.7 


Ca-,Co Tfl Ni 0 oOa 

o a tr u. ^ y 


199 


6.4 


1.9 




907 


^ Q 


Q 


P« P>n Act 0 


1»70 


a 
0 


9 7 
Z. 1 








9 7 
Z. / 


V^d 3 ^ 3 gffo. 1^9 


900 


7 9 
1 . Z 


9 R 
Z. O 


p~ Pn MK n 
^a^a^Do. i u 9 


1 QR 


ft 1 
0. 1 


9 9 
Z. Z 


Pes p^ To n 


90R 


Q 

d. y 


9 £ 
Z. O 










2. 7 1 "0. 3 3, 8 * -*-0. 2^ 


205 


6. 2 


2. 6 


^^2. 7^^0. 3^^3. 8^0. 2^9 


198 


6. 8 


2 


Ca^ 7^^0. 3^-^3. 8^-^0. 2^9 


195 


8 


1. 9 


Ca<> J^an 0C01 oMrin o(L 

7 1 ll -*0. 3^ w 3l 8"** H). 2 V ^9 


200 


7. 9 


2. 3 


Cao -J^an oCoo Q Fe n oOu 

2. 7 ,u 0, 3 3, 8 ^0. 2^3 


205 


6. 9 


2. 5 


Cao -?Nan 1C00 oNin oOk 

2. 7 1 , *-*0. 3 W .1 8 0. 2^? 


198 


5. 9 


2. 7 


po Mo Pz-v Pi 1 n 

ylNdQ 3 ^AJa S^ 1 -^. 2^9 


1 QQ 


1 Q 
/. O 


0 c 
z. 0 


P*-» Mo P,-v A C\ 
Uao, ylNao 3 U) a gAgo |Ug 


01 n 


Pi O 


Z. D 


Po Mo Pr-v \Ar\ n 

Oao. 7^3(1 3^°3, 9 MO 0. lM9 




O. O 


O A 

Z. 4 


po Mo p^ w n 

7 1Nd 0. 3 ,L>U 3. 9 W 0. 1^9 


OCY7 


0. 4 


z. 0 


P«a Mo P/-\ MK A 

^2. T^^a 3^°a 9^0. A 


1 QQ 


0. Z 


0 0 

z. z 


Po Mo P/-\ To f\ 
^a z ylNao 3 <^O a g 1 ao L^g 




7 C 
( . O 


0 1 

z. 1 










v/<i2, 7"0. 3^^3. 8* -*-0. 2^9 


198 


8. 1 


1. 8 


^32, 7^0. 3^^3. 8^0. 2^9 


205 


7. 6 


2. 7 


Ca^ 7^0. 3^^3. 8^^*0. 2^9 


196 


5. 9 


2. 6 


^ w 2. 7* MX 3 3. It *0. 2 9 


205 


5. 8 


2. 5 


7**0. 8 1 ^0. 2 9 


198 


7. 2 


2. 1 


C3o_ 7*^0. 3^^3. 8^^"0. 2^9 


198 


8. 2 


2. 3 


p 0 jr p~ p M n 

7"0. S^-'S. S^'-k). 2 U 9 




7 1 


9 7 
z. / 


po^ JfC„ „Pn~ ~A p"„ CL 


200 




9 R 


Ca Z7 Ko 3CO3 gMo 0 . i0 9 


203 


6.9 


2.5 


Ca^ jKq 3CO3 gWg jOg 


201 


7 


2.4 


Ca^Ko.sCoagNbaA 


208 


7.2 


2.8 


Cao_ 7^ 3C03 gTa<) |0 9 


198 


6.8 


3 










Ca^ 7 L i o 3Co a 8 T i 0 2 0g 


207 


5.9 


1.9 
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Table 9 



Ca^ 8^0. 2^9 


198 


8. 1 


2.6 


Ca^ T^io. 3^01 8^*0. 2^9 


199 


7.2 


2. 5 


Cao 7 Li 0 oCchaMrio 2 0u 


210 


6.4 


3 


Ca^ 7^ i 0. 3^03. 8^^0. 2^9 


202 


5.9 


1.9 


CSio 7Lin ^COj flNin ?0q 


204 


6 


2 


Pn_ _[ i _ -Co,, „Ci u „f)L 

7 1 -" A 0. 3^ w l S^'-K). 2 v -*9 


1Q7 

IjI 




9 9 
z. z 


^ a 2. 7 i -' 1 0. 3 V - A ^Z y^oO. 1^9 




7 9 


9 *3 
Z. O 


7 1 -' J-0. 3 V - /U a 9 lViU 0. 1^9 


^V/ J. 


R 1 
0. 1 


1 Q 

1. y 


^ d 2. 7 L,1 0. 3^3. 9"0. 1^9 




d. y 


Q 1 

0. 1 


7 L,1 0. 3^3. 9* NU Q. 1^9 


909 


7 


Z. O 


^ d 2. 7 LA 0. 3^°a 9 1 1^9 


90^ 


9 

D. Z 


Z. / 










v^Oo 7I In *iv-/Oi 0 1 1ft oVJo 


198 


8 


1 9 


L/Qo 7 1 X n ovyO'j oVfi ovJa 
£ 1 U. 0 a. 0 U. <s y 


199 


7. 9 


3 


wao 7 1 1 ft iV^Oq a^IV* 0U0 


201 


6. 9 


2 1 


Cao ?Tift oCo-a aMrift oOu 


207 


5. 9 


2 2 


Cao 7 Tin oCo«i oFe n oOu 

<t. / u. 0 a. 0 u. z y 


190 


7. 8 


2 6 


Ca 9 7 Tin qCo-1 oNin oOu 


198 


6. 3 


2 7 


fj* Ti f!r» fii fL 
^2. 7 1 1 0. 3^°a 8^0. 2*^9 


1 QQ 


D. O 


z. 0 


Ti Cr~\ Act fL 




D. 4 


1 n 

1. 9 


r Q Ti (v. lyf--. n 
^ a 2. 7 1 !(x 3^°a 9M°a 1^9 




0. 0 


2. 9 


Ti Pn W O 
7 1 io. 3^1 9" a 1 U 9 




7 0 


z. 4 


f« Ti Cn Nh fL 






z. 0 


fo Ti Prj TV, O. 
Il ^ 1 2.7 1 1 0.3^°a9 ld 0. 1^9 




7 1 


z. 7 










V>3o 7»ft o^/Oo ol In oUo 


196 


6. 9 




v^lo 7»n qLO 1 ! oVft oVJq 
2. 1 u. 0 j. 0 u. z y 


202 


7 


2. 7 


Uao 7Vft 0L/O0 oL/rn o\Jq 


203 


7. 2 


2. 7 


Cao 7 V n qCo-j jMru oO Q 


208 


6. 8 


2. 8 


Cao 7 V 0 0C00 oFe n 9 0 q 


198 


7. 2 


2. 2 


Ca^yVo^CoaaNiosOg 


199 


5.9 


2.5 


^ a 2. 7^0. 3^°3. 8^Uo. 2^9 


201 


8.1 


2.7 


^32. 7^0. 3CO3 yAg 0 jOg 


207 


7.2 


2.6 


Ca^yVogCoagMoo. ,0 9 


190 


6.4 


2 


Ca^ 7 V 0 3C03 9 W 0 ,0 9 


198 


5.9 


1.9 


Ca 27 V a3 Co a 9NbaA 


199 


6 


2.3 


^2. 7^0. 3^°3. 9^20. 1^9 


201 


5.9 


2.5 
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Table 10 



CSo tCITa «iCOo oTlo oOq 


206 


8. 1 


2.5 


CSo 7^1*0 iCOo oVn oOq 


207 


6.9 


2.6 


CSo 7^1*/) oCO-a cClTn pOq 


198 


5.7 


2.4 


USo 701*0 *»v^Of» ftMnn 9^ 

1 VI. O J. Or v. £ J 


199 


6.2 


2. 3 


Cao 7Ci"rt oCo<j oF©ft oOq 


210 


6.8 


2. 2 


C3o 7C3Tn qCOo oNIa oOq 


202 


8 , 


2. 2 




904 


7 Q 


9 A 

Z. "4: 


Po P r Pn Act fL 


1Q7 


Q 

U. Z7 


9 f\ 

z. 0 


r a P r Cn Mn fL 

^ d 2. 7Or 0 3V/O3 9ftlO 0 i\Jg 




0. y 


Z. O 


To P r po W 0 




7 8 


0 
0 


p^ ry Pri Nh fL 




D. 0 


9 & 
Z. D 


Cct _/V Pr> Tn fL 


909 


D. 0 


9 Q 

z. y 










Ca 9 tMtu oCo-j oTin oOu 


208 


8. 2 


2. 2 


CSo -Mrin «jCo<j oVn oOu 
Z. / HX 6 6, 8*0. ^ y 


198 


7. 5 


2. 6 


Ca*> tN^Ta qCo<j oCrrt r>G> 


199 


6. 9 


2. 5 


CSo -^lllrk «jCO<j oMrin oOa 


201 


8. 1 


3 


Ca«> -Mrin iCo-a oFe« 0G1 


207 


7. 6 


L 9 


Cao -Mrin qCo-s oNirk oOu 


190 


5. 9 


2 


po _Mri Pr\ Pn n 

7MI1Q 3 U3 a gUJo 


1 yes 


D. C> 


0 0 
z. z 


Pq Mt-> Pax Arr O 

tMTIo 3^0^ gAgo 


1 QQ 


7 O 
1. Z 


Z. 0 


Ua^ 7MT10 3 U3 a gMO 0 ^ 


901 


Q 9 


1 Q 

1. y 


Pa _Mn Pn W fi 
Ua z 7"^H). 3^°a 9"0. 1^9 


900 


7 1 


O. 1 


Po u n p^ mu n 
ua^ 7""H). 3^°a ^"Da iMs 


90R 


0. 0 


Z. O 


^2. T^no. 3^°a 9 1 3a 1^9 


90^ 


d. y 


9 7 
Z. / 










V^ao 71 Gn iv/O'j 0 1 In ovJo 


201 


7. 2 


1. 9 


Uoo 7rGn iVyO*a oVn ilia 


196 


6.8 


3 


L/3o ?r 6n 0L/O0 owITa «>\Jo 
z. 1 w u. J a o VJ - u. z^y 


202 


6.4 


2. 1 


Ca^ 7Fe 0 3 Co a gMrio 2O9 


203 


8.2 


2. 2 


Ca 2 7FB0. 3^°a 8^ e o. 2^9 


205 


7.5 


2.6 


Ca2. 7Fe 0 3 Co a gNio. 2^9 


198 


6.9 
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CazyDyo^Co^gAgo. ,0 9 


207 


6.8 


3 


Caz 7 Dyo.3 C °3.9Mo 0 . ,09 


190 


8 


1.9 


7^Vo. 3C03 9 W 0 j0 9 


198 


7.9 


2 


Ca Z7 Dy 03 Co a9 Nb 0 . A 


199 


6.9 


2.2 


Ca2. 7 Dy 0 . 3 Co a9 Tao. A 


201 


5.9 


2.3 
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Table 17 



CSo -HOn qCO-j oTin oOq 


206 


7. 8 


1 9 


Ca 9 7HO0, -jCo-j oV n oOq 


205 


6. 3 


^ 1 
O. X 


Ca 9 7Ho n -jCo-j oCrn oftj 


198 


6. 5 


9 fi 


Ca<j 7il0n iCOi oMlln oOo 


201 


fi 4 


9 7 


Cao tHoo -jCoo oFen oOL 


196 


8 2 


9 A 


Cao tHOo. iCOo oNln oOo 


202 


7. 5 


1 Q 

X. Xj 


Pa J4r» Cr\ Pn n 
Uao. tMOq 3 UD a 8 UUo 2 U 9 


ono 

cKjo 


D. 9 


3 


Pc LJr, Cr\ Arr H 

Uao, tHOq g/\g 0 _ jU 9 




0 1 
O. 1 


2. 1 


Pci Urx Cr\ \Kr\ H 

ba z tHo 0 gU)^ 9MO0. lU 9 


1 no 


7. 6 


2. 2 


po vj n 


199 


5. 9 


2.6 


P-a Ur\ P/^ nfu n 
Uag. tTIOo. 3 U) a glND 0 ^g 


zOl 


5. 8 


2. 7 


r*o Ur^ t^> n 
ta^ 7flo 0 3 to a 9 1 ag t U 9 


Z07 


7 


2. 5 










Can -,Rt^ «,Ti« r,CL 




D. 0 


9 fi 


V - /C4 2. 7 L '- L 0. 3^^^ 8 T 0. 2 9 


198 

± ZfKJ 




Z. 4 


ciftn „Pt« n p0o „p,t"^ «cl 

^ a 2. 7*-'- L 0. 3 v - / °3. 8^ x 0. 2 W 9 






9 Q 
Z. O 


C?io -tEt/x oCor. oMn« «Du 

va Z 7 L ^- L 0. 3 u l 8 im *0. 2 9 


900 


7 R 


9 9 
Z. Z 


Ca« -tFto ofVio „Fp„ ~0l 


90 R 


fi Q 


9 7 
Z. < 


Cao JRTo 0C00 oNi ^ J~L 

\-/cio, 7L*-L 0. 3 V/VJ 3. 8 1 ^ x 0. 2 W 9 




8 1 
0. 1 


9 fi 
Z. U 


Ca« -rP"r«. «Prir, „Pi i_ „0l 




7 fi 
1. D 


Z 


Ca« tFto oCo« „Ap„ ,0l 


910 




1 -Q 

1. y 


Pa„ ^Ft^ „Pn« «Mo„ Ol 


909 


O. 0 


9 Q 
Z. O 


^"2. 7 L - X 0. 3 v - AJ a 9 n 0. l w 9 


1QP, 

X CO 


7 9 


9 A 
Z. D 


Cao ^Er« nCon Jsfb. ,0u 


901 


S 9 


9 Q 

z. y 


Ca« ^Ft*« oCoo «Ta« .flu 


X»7vJ 


7 1 


1 0 
1. y 


Cao ^YHo oCon oTi « oflu 

ua Z 7 1 u 0. 3 v - / *-'3. 8 1 x 0. 2^9 


90^ 


fi Q 


9 c 

Z. D 


Can -rYbrt 0CO0 oVr, oO rt 

7 1 0. 3 v - /W 3. 8 T 0. 2 W 9 


208 


7 


9 1^ 
Z. 0 


Can -rYb/% 0CO0 «CT*o oOo 

wc*2_ 7 1 uq 3^^3_ 8 0. 2^9 




7 9 


q 
0 


Can 7ibn 0C00 oMrin o0u 

7 * ^0. 3^^3. 8 1 11 H). 2^9 


199 


fi 8 


1 Q 

1. y 


Lflo lYD/x oLOo oFftn oDU 

7 ^0. 3 V ^ V ^3. 8 1 ^0. 2^^ 


201 


4 9 


9 
Z 


Ca 2 7 Yb a3 Co a8 Ni 0 2 0 9 


207 


6 


2. 6 


Ca^ 7Yb 0 $Co^ gCiio 2 0 9 


203 


7.2 


2.7 


Ca 27 Yb 03 Co ls Ag 0 . ,0 9 


205 


6.8 


2.4 


Ca 2 7 Yb 0 3 Co a9 Mo 0 j0 9 


198 


5. 7 


1.9 


Ca^ 7 Yb 0 3 Co a 9 W 0 [0 9 


201 


6.2 


3 


Ca2.7Ybo.3Co 19 Nb 0 A 


196 


6.8 


2. 1 


Ca 2 . 7 Yb a3 Co a9 Ta 0 , 1 0 9 


202 


8.0 


2.2 
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Table 18 



Composition 


Seebeck Coefficient 


Electrical 
Resistivity 


Thermal Conductivity 


d: pu ui rv» \iP n 


■ .\ / rw (nr\c\or\ 
JJ.V/K uOO L) 


mDcm (700°C) 


W/mK (700°C) 


Bi2Sr 2 Co 2 0 g 


210 


6. 2 


1. 2 


BioSr, J^an 2 Co 2 0q 


205 


5. 9 


1 


BioSri rKa oCooOu 


195 


6. 7 




BioSr, oLin oCOoOq 
£. 1 . o u. z z y 


208 


8 


1 

X 


BioSr, oTin oCooOq 

z i.o u. z z y 


220 


8. 1 




BioSr, oV n oCooOq 

z 1.0 u. z w v z y 


198 


8 


1 1 
X. X 


BioSr, oCr ft oCooO Q 

Z 1. 0 y. Z Z y 


201 


7. 8 


1 

X 


BioSr, oMrvi 9C09O0 


207 


7. 2 


1 9 

X. Ci 


BioSr, oFe n XooOo 

«i 1.8* u. z^^z^y 


190 


9 


1 1 
1. 1 


BioSr, JNfin oCo 9 0 Q 


198 


7. 8 


0 Q 


BioSr, pCtu oCooOq 

-*■ Z 1. 0 ^aJ. Z 2 9 


199 


7 5 


0 R 


BioSr, oZrin 0C00O0 
*^ -*- z 1. 0 \j. 229 


201 


8 6 


1 

L 


BioSr 1 olDn oCOoOn 


200 




1. O 


BioSr, oCa^ oCooOo 

I. ^"O. 2 2 V 9 


206 


7. 9 


1 9 

X. ^. 


BioSr, oBan oCoo0 Q 

2^-*- 1. y-^t). 2 ^2^9 


205 


6 9 


0 7 
v. 1 


BioSr, oAl n oCooOu 


198 


8 1 


x. 0 


BioSr, oYa oCooOk 

cr^ 1-8*0. Z VV 2 V ^9 


201 


9 




BioSri oL3a oCooOu 


196 


8 ? 


1 1 

1. 1 


BioSr, oUGn oCooOq 

Z^ 1, 0 I). 2 2 9 


202 


7. 9 


1 

X 


BioSr, cPr^ oCooOo 


203 


8 fi 


1. 0 


BioSr, qNcL oCooOo 

2^ I. lr ^t), 2 Z 9 


205 


9 1 


n q 


BioSr, qSida 0C00O0 

Z 1. iy~^ iJ. 2 2 9 


198 


6 9 


1 1 

1. X 




iyo 


7 A 
( . 4 


1. 4 


Ri <sv -Tirl Po O 

D1 2° r i. svQo. 2 uo 2 u 9 




7 O 
/. O 


1. 2 


Rl ^"T Dv Ho 0 
D1 2 or l. S^Ya 2^°2 U 9 


90^ 


7 7 


0. 9 


Ri ^-r Ho Pn D 


1 QQ 

iyo 


O 
O 


1. 1 


Rl 9t* Rt~ Pr* O 


1QQ 

iyy 




1. 2 


D 1 2 or i s* Dq 2 L/0 2 U 9 


91 n 


7 O 


0. 9 










Bi 2 Pb 0 oSr 2 Co 2 0 9 


204 


8.4 


1.2 


Bi^bo ^Sr, gNao^CoA 


197 


8.6 


1.4 


Bi 2 Pb 02 Sr L8 K a2 Co 2 0 9 


190 


7.8 


0.8 


Bi 2 Pb 02 Sr L8 Li a2 Co 2 0 9 


198 


9 


1.3 


Bi 2 Pb 02 Sr 18 Ti 02 Co 2 0 9 


199 


8.2 


1.2 


Bi 2 Pb a2 Sr L8 V 02 Co 2 0 9 


201 


8.3 


1. 1 



Table 19 



BioPbn oSl*! JCVn oCOoOo 
2" ^0. 2^ 1. 8 0. 2 vyv 2 v 9 


207 


8. 6 


0 8 


Bi 2 Pb 0 oSi^ 8^^0.2^209 


190 


8. 7 


X* \J 


DloP Dn oOT\ oTGn oUOoOn 

is j. •>! i-fq. 2 WX LB 1 ^0. 2 v -^- / 2 vy 9 


198 


8. 3 


1 4 

X. i 


BioPbn oSfi oNln oCOoOn 


199 


9 


1 1 

X. X 


BioPbn oSri oCun oCooOn 


201 


7. 9 


1 

X 


BioPbn oSri oZlln oCOoOn 

*- ,J -2 0. 1. 8"* H). 2 VV ^2 V 9 


210 


8. 1 


X. 0 


BioPbn oSr, oPbn oCOoOn 

LJ - L 2 0. 2° x 1. 8 ^0. 2 v ^ v '2 v/ 9 


206 


« 


0 9 


0 2~"*- 1 8^^t)l 2^*^"^2 9 


205 


1.0 


1 1 

1. 1 


BioPbn oSr, oBan oCOoOn 


198 


7 ? 


1 A 

x. *r 


B i oPbn oSr , Q A 1 « oCoofk 


X *7<J 


q 


1 9 


Bi oPbn oSr. oY^ „CruCL 

OXoT u 0. 2 01 1. 8 1 0. 2 LAJ 2 VJ 9 




7 ft 


n q 


Ri «Ph„ «Sr . «f „CoJ"u 




7 R 


1 1 
1. 1 


Ri -Ph„ „Sr. «Cp~ „Cn„fu 




ft fi 
0. 0 


1 9 


Ri «Ph~ ~Sr JPrv „CrufL 

L ' 1 2 r u 0. 2° x 1. S*^ 0. 2 VA '2* J 9 




ft 9 




BinPbn JSr, oNd„ ^Crufu 




7 Q 


1 1 
1. 1 


UX 2 r u 0. 2 01 1. 8° lll 0. 2^ AJ 2 XJ 9 


1QQ 

A. iJiJ 


Q 


1 9 


Bi 2 Pb 0> oSr L 8 Euo. 2 Co 2 0 9 


207 


8. 1 


L 4 


BioPbo. oSr L gGdo, 


198 


9 


0. 8 


BizPbo. £>r h sDyo. 2 Co20 9 


201 


8. 2 


1. 3 


BioPb a oSr L ^lo a 


200 


7. 9 


1. 2 


BioFb 0 obr L ghra 2 Co 2 U 9 


198 


8. 6 


1. 1 


D-i du C-^ vu n 

Bi 2 Fb a 2br L 8 Yb a 2 Co20 9 


205 


9. 1 


1 










U JL 2 vx* 2 VyV>' 2 V/g 




7 A 


1 1 




X»70 


7 ft 
I.O 


fi Q 




X«7cl 


7 7 




BioCa. ol i' „Coofu 




« 
0 


1 
1 


u j. 2 v>a 1 3 1 2 V - AJ 2 V, 9 


£d\J\J 


ft 9 


1. 0 


l» j. 2y^cx j g»Q 2 ^- / ^-' 2 '-'9 


1Qft 


7 Q 


i 9 
1. z 


BioCa. oOn oCOnOn 

LJX 2 v ^°l. S^- 1 - 0. 2 VAJ 2 vy 9 




9 1 

»7. X 


a 7 


BioCa, oMrin oCoo0 q 


210 


8. 4 


1. 3 


Bi 2 Cai >8 Feo. 2 Co 2 0 9 


200 


8.6 


1.4 


BigCai gNio 2 Co 2 0 9 


207 


8. 2 


1. 1 


B i 2 Ca L 8 Cun 2 Co 2 0 9 


198 


7.9 


1 


B i 2 Ca ! gZrio 2 Co 2 0 9 


196 


8.6 


1.3 


Bi 2 Ca L8 Pb a2 Co 2 0 9 


200 


9. 1 


0.9 


Bi 2 Cai 8Sr 0>2 Co 2 0 9 


198 


6.9 


1. 1 
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Table 20 



u±2 v -^ 1 i. g^^O. 2 VA -'2 U 9 


90^ 


7 4 


1 A 
1. *± 


U -L 2 v ^ cl i. 8™ x 0. 2 V -' U 2 W 9 


± Zs\J 


7 R 


1 9 


Bi oCa, «Y« «Co«Cu 

U 1 2 v*<i 1 . 8 1 0. 2 V - AJ 2 U 9 




7 7 


n q 

vj. y 


Ri„Ca. J a* Xr>«0« 


J. %70 


$3 
0 


1 1 
i. 1 


Bi«Ca, oCp« «Co«CL 

u 1 2 VX1 1 . 8^ ^0. 7 <AJ 2 KJ 9 


-L J70 


fi 9 

O. Cj 


1 9 


U±2 v - /Cl l. 8* 1 0. 2 VAJ 2 U 9 




7 Q 


u. y 


Ri fa J\M ~f>» fL 
I -»- L 2 v - /Cl l. ff^^. 2 V - AJ 2 W 9 




Q 1 


1 1 
1. 1 


Dl 2 l - <1 1. 8° IU 0. 2 00 2 VJ 9 


910 


O. 4: 


1 9 


Bi 2 Ca L 8EUo.2C°A 


201 


8. 6 


1. 4 




208 


7. 8 


0. 8 


Bi 2 Ca L8 Dy 0 . 2 Co 2 09 


198 


9 


1. 3 


BiaCa! gHOo 2 Co 2 0 9 


199 


8. 2 


1.2 


bigta! 8 br 0 


207 


8. 3 


1. 1 


Bi 2 Ca L8 Yb a2 Co 2 0 9 


198 


8. 6 


0. 8 










Ri pk j~a r^k n 

Ol2l Dq 2^320021)9 


91 n 


O. O 


1 A 

1. 4 


Ri PK fo Na n 




Q 


1. 1 


Ri PK Pa rC p^ n 
D12T D a 2 Oai. 8N). 2^°2 U 9 


9HA 


7 Q 


1 


Ri PK J^a T i Pri O 
D±2T Uq 2^*1 8*-'-*-0 2^- / ^2^'9 


1 Q7 


0. 1 


1 0 

1. 0 


Ri PK Pa Ti Pi~* O 
Dl2T D 0 2bai . 8 I l a 2^°2 U 9 


one; 


Q 

0 


A CI 

0. y 


Ri PK Pa V Cr\ n 
D a 2^1. s V 0. 2V°2^9 


9HQ 


7 Q 

/. 0 


1. 1 


Ri PK .Pa Pr* Pr* O 

Dl 2 rD 0 20a L 8 ^*a 2 ud 2 u 9 




7 9 


1 A 

1. 4 


Ri PK Pa Mn Pr% fl 
DI^Dq 2^1. S^ 1 ^. 2^2 U 9 


909 


Q 

y 


1 0 

1. Z 


Ri PK Pa Po Pi-i H 
DJ^ D 0 2^31. 8^ e 0. 2^°2 U 9 


9H^ 


7 Q 


U. y 


Ri PK Pa Mi Cr\ O 


9HQ 


7 c: 


1 1 
1. 1 


Ri PK Pa P11 Pri O 
Dl2rD 0 2^! 8^1% 2^X2^9 




O. O 


1 0 
1. Z 


Ri PK Pa 7n Prk H 
D1 2 rD a 2V 3 1. 2 V - > °2 U 9 


1 QQ 


ft 9 


U. y 


Ri PK _Pa PK Prk O 
t> 1 2* D 0. 2V 3 1. 8* D a 2 V - / °2 U 9 


9H1 


7 Q 

1 . y 


I. 1 


Ri PK Pa 9-r Prk O 
012* D 0. 2^ 3 1. 8^ r a 2^°2"9 


9H7 
ZU / 


Q 

0. y 


1 0 


Ri PK Pa Ra Cr\ Ci 
U\^T D 0 2^3 L 8°^ 2*- / °2 u 9 


1 QO 

iyu 


0. 1 


1 


Bi 2 Pbo 2 Ca j gAlg 2Co 2 0g 


198 


9 




Bi 2 Pb 0 2 Ca, 8 Y 0 2 Co 2 0 9 


199 


8.2 


1 


Bi 2 Pb 0 2 Ca K 8 La 0 2 Co 2 0 9 


201 


7.9 


0.9 


Bi 2 Pb 0 2 Ca t 8 Ce 0 2 Co 2 0 9 


190 


8.6 


1. 1 


Bi 2 Pb 02 Ca L8 Pr 0 . 2 Co 2 0 9 


198 


9. 1 


1 


Bi 2 Pb 0 2 Ca! gNda 2 Co 2 0 9 


199 


8 


1.2 


Bi2Pb 0 2 Ca | gSiria 2 Co 2 0 9 


201 


8.2 


1. 1 
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Table 21 



Ri Ph Fii PoO 


9AH 
ZUU 


7 Q 


a n 

0. y 




906 
ZUO 


Q 1 

y. 1 


u. 0 


Ri Ph Pa Hv P!r» O 
D 1 2 r D 0. 2^ d l. 8^0. 2 V * / °2 U 9 


zuo 


Q A 

0. 4 


1 

1 


Ri Ph Hn Ol/i 

2^1. 8HOa 2^°2 U 9 


iyo 


O. O 


1 0 

1. 0 


Ri ph Ft- r.n_n 

012* Uq 2 *- /C M . 8*-*^ Q. 2^-~'2^-'9 


ZUi 


7 Q 


1 0 

1. 1 


Ri Ph Pa Vh Pr» O 
Dl 2 r D 0 2V a l.8 I D a 2^- / °2^9 


iyo 


y 


0. 7 










81263200209 


203 


8 3 


1 4 

X. t: 


BioBa, oNan oCoo0 0 


205 




1 1 
1. X 


BioBa, oKn oCooOu 


198 


8. 7 


1 

1 


BioBa. oLin oCooOu 

*- , - L 2 1 -*-*l. 8 0. ^2 9 


195 


R ^ 


1. 0 


BioBa, oTin ~Co 0 CL 


200 






BioBa, oVn oCooOu 


205 


7 Q 


1 1 
i. 1 


u a 2*-' C4 L. 0. 2 v ^ J 2 v/ 9 


198 


R 1 
0. 1 


1 A 
1. ft 


BioBa, <Miu JOoJX 

u a 2 LJCI 1. 8" u M). 2^2 9 


199 


Q 
O 


1 9 


BioBa, oFe« oCooO rt 


210 


7 R 


n q 
u. y 


BioBa. JfL oCooOr, 

u - L 2 Ija l. 8 1 - L 0. 2^2 9 


202 


7 9 


1 1 
1. 1 


BioBa. oCii. oCooOu 

U1 2 LX1 1. 8 V ^ U 0. 2 VA -'2 v/ 9 


204 


Q 


1 9 


BioBa. *7n rt oCo«0„ 

u j. 2 J -» a 1. 8^ A -MX 2 VAJ 2 V '9 


Xi7 1 


7 ft 
1.0 


n q 
u. y 


BioBa, oPb rt oCooOn 


190 

X^v 


7 R 


1 1 
1. 1 


BioBa, oCa* JCoJlL 

LJ± 2 LJC1 l. ^ a G. 2V VJ 2 vy 9 


19R 


R 

0. 0 


1 9 


BioBa, oSrv oCooOu 


199 


R 9 


1 A 

1. 4 


BioBa, oAK oCooOr, 


901 


7 Q 


u. 0 


BioBa, 0 Y« 0C00OL 


907 




1. 0 


BioBa, oLa« oCooOn 

Lr - L 2 Jja l. 8^^0. T^ J 2 9 


190 


R 1 


1 9 
1. z 


RioRa, nCp n X!o«0« 

0 j. 2 i - ja 1 . 8 c 0. 2 v ^ v> '2 vy 9 


19R 


Q 


1 i 

1. X 


BioBa, oPr« oCooO^ 


199 


R 9 


n p 
u. 0 


BioBa, oNcL oCooOo 


201 


7 9 


1 ^ 


K I nRa t oSnin o(jOoOr> 

u j-2 J -' t *L 8^ lll 0. 2^^2 9 


210 




1 4 


tJlotSa! gCllo 2^2^ 


oa^ 
zUo 


y. 1 


1. 1 


R "i JRa . o(tH« oCo«O rt 

u ± 2 LJ€X 1 . 8 VJU 0. 2 VyV -'2 v/ 9 


20R 




i 


Bi^, 8 Dy 0 2 Co 2 0 9 


198 


7.4 


1.3 1 


BioBa, .8Hoo.2Co 2 0 9 


195 


7.8 


0.9 


Bi 2 Ba, 8 Er 02 Co 2 0 9 


200 


7.7 


1. 1 


Bi 2 Ba, 8 Yb 0 2 Co 2 0 9 


203 


8.0 


1.4 










Bi 2 Pbo.2Ba2Co209 


208 


7.9 


0.9 
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Table 22 



BioPb 0 oBa, «Nan 0C00O0 

£ U. I. or ^*\J. <I Z y 


198 


8. 0 


1 1 

X. J. 


BioPbn oBai qKo o&DoOq 


199 


8. 1 


1 9 


BioPbn oBa, cLi n oCooO q 


200 


8 


0 Q 

\J* ZJ 


BioPbnJBa, Jia 2 CooP 9 


206 


7. 8 


1 1 

X. X 


BioPbn aBa, 8 VooCoo0 9 


205 


7. 2 


1 2 

X. Cj 


BioPbn oBa, R Cr n 9 Ca,0 Q 


198 


9 


1 4 

X. x 


BioPbn oBa, Mn^ oCooOo 

£ U. £r^ 1 . tr 2 2 y 


201 


7. 8 


V. O 


BioPbn oBai oFen oCooOo 

^ 0. tr^ 1 . o* U 2 2 9 


196 


7. 5 


1. 0 


BioPbn J3a, «Nin oCooOo 


202 


8 6 


1 9 


BioPbn oBa, R Cun oCooOo 


203 


8 2 


1 1 
1. 1 


BioPbn oBai oZlTn oCOoOn 
2 U. 2^ 1 . 8 AJ1 MJ. 2 2 9 


205 


7 Q 


u. 0 


BioPbn oBa, <Pbn oCooOo 

U1 f "-'0. 2 A ^^l. 8* ■-'a 2^^s v 9 


198 




1 
1 


BioPbn oBa» oCa^ oCooOn 


195 


0. 1 


1. 0 


BioPbn oB3i oSrn oCOoOn 
■*• 2* 0. 2^ 1. 8^ 0. 2^^<£ 9 


200 


Q 

ZJ 


1 9 


BioPbn oBa, oAL oCooOn 




R 9 
0. ^» 


n 7 


BioPbn oBa, 0 Y n oCooOq 


198 


7 Q 


X. 0 


BioPbn oBa. oLan oCooOn 


199 


0. u 


1 4 

X. 


BioPbn oBai oCen oCooOn 


210 


Q 1 

ZJ. L 


1 1 
X. X 


BioPbn oBai oPTn oCOoOn 
y 0. 2r~^*l. or 0, 2 2^9 


202 


Q 

Vi. »7 


1 
X 


BioPbn oBa, oNcL oCooOn 

u j. 2* k«»o. 2*-"-* L Br JXA 0. 2 v>vy 2 vy 9 


207 


7 4 


X. 0 


BioPbn oBat oSitu oCooOn 

2r 0. 2^ 1. 8^ AU Q. 2 v ^ v ^2 vy 9 


198 


7 8 


n q 


R-i pk Rq f?n Cr-x n 

DloTDo opa L stiUo^ 2^02^9 


1 on 

iyy 


7. 7 


1. 1 


Dl 2 rD 0 opa L 2^°2^9 




8 


1. 4 


R-i pk Ro rhr n 
D1 2^ D a 2^1. rYa 2^°2^9 


^UZ 


0 0 


1. 2 


Ri PK Rq U rt A 
dloTDo. oD^i. 8" O 0. 2^°2^9 




7. 9 


0.9 


R-l PK Rq Rr Cr* C\ 




9. 1 


1. 1 


Ri PK Ro VK fY» n 
Dlz^Da 2 Ba l. 8* D a 2 UD 2 U 9 


one 


8. 4 


1. 2 










BioSroCo, oTin i0 Q 

^ -*- 2 2 1. 9 * 0. 1 9 


196 


7 8 


1 1 

X. X 


BioSi*i cNan oCoi oTin iOu 

2 1. cr 2 W 1, 9 A 0. IV9 


202 


Q 

«7 


1 9 
X. z 


Bi 2 Sr, 8 Ko sCoi 9 Ti 0 ^9 


203 


8.2 


1. 4 


Bi 2 Sr, g Li 0 JZo x 9 Ti 0 ,0 9 


208 


8.3 


0.8 


Bi 2 Sr l8 Ti 02 Co K9 Ti 0 .,0 9 


198 


8.6 


1. 3 


Bi 2 Sr L8 V 02 Co 1 9 Ti 0l 0 9 


199 


8.7 


1.2 


Bi 2 Sr L 8 Cr 0 . 2 Co L 9 Ti 0 fi 9 


201 


8.3 


1. 1 


BizSr , gMrio gCoj 9 Ti 0 fl 9 


207 


9 


0.8 


Bi2Sri.aFea2COi.9Tia A 


190 


7.9 


1.3 
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Table 23 



BioSr, oNin oCo, Q Ti n «0u 

Z l. tr U. Z i. 9 U. 


198 


8. 1 


1 4 


BioSr, oCuo oCo, q Ti n A 

z i.o u.z i. y u. i y 


199 


8 


1 1 
X . X 


BioSr, oZrin oCo, Q Tin iOu 

z i.o ^j. z i . y u. i y 


201 


7. 8 


1 
1 


BioSr, aPb 0 oCo, Ji 0 A 

z i. or u. z i. y u. i y 


190 


7. 2 


1 ^ 
1. O 


BioSr, oCan 9C0, oTin iOu 

& i. o^^aj. z i. y u. i y 


198 


9 


0 Q 


BioSr, oBan oCo, qTin A 

z i . tr^ ^aj. z l y u. l 


199 


7. 8 


1 1 

X. X 


BioSr, oAln 9C01 oTin A 

z 1. tr u. z 1. y -*-u. 1 y 


201 


7. 5 


1 4 

1. i 


BioSri oYn 0CO1 oTin iOn 
Z A L 0 * 0. Z 1. 9* -*-0. 1 9 


200 


8 6 


1 9 


BioSri oLau 0C01 Q Tin i0& 

Z 1. o*-^u. Z I. 9 * U. 1^9 


206 


8. 2 


n q 


BioSri oCga 0C01 nTin tOU 

Z l. 0 U. Z I. 9 A 0. 


205 


7 9 


1 1 
1. 1 


BioSri oPrn oCoi Q Tin A 

Z 1. or 0. Z/^ 1. 9 0. 1^9 


198 




1 9 
1. a 


BioSr, oNcL, oGdi oTi« A 

Zr^ 1. o 1 ^J. 2 1. 9 - L 0. 1 9 


201 


8 1 




BioSr, oSnin oCoi oTin iOu 

I. 8V 4U 0. 2 W 1. 9 * ^O. 1 vy 9 


196 


q 


1. 1 




or\o 


8. 2 


L 2 


Ri ^t- CA Cr\ T-i n 


ZUo 


7. 9 


1.4 


Dipr L gUyo. 2^°l. 9 1 !o. A 


onr 

ZUo 


8. 6 


0.8 


Dl 2 Or i gHOn 2 UD L gl In. t Ug 


1 no 

lyy 


9. 1 


1. 3 


R-i Qv Rv P^v Ti n 
Dl 2 or L gtTo 2 LO L 9 1 1 0 jUg 


195 


6. 9 


1. 2 


Ri VK Cr\ Ti H 

m 2 br L 8 Y b 0 2to L 9 1 1 0 A 


ZOO 


7. 4 


1. 1 










BioPbrt oSroCd «Ti« iOu 


198 


7 7 


1 9 


BioPbn oSr, oNa^ oCo, «Ti„ ,0« 




Q 
O 


n q 


BioPbn oSr, oKn oCo. Q Ti« ,0o 


210 

Cj l.\J 


O. Zv 


1. 1 


BioPbn oSri oLin oCo, «Ti« ,0r. 


202 


7 Q 


1 9 
1. z 


BioPbn oSri oTin oCo, rt Ti« .0u 


204 


Q 1 


n q 


j. ^ •-'o. 1. 8 T 0. 9 A 0. l v 9 


197 


8 4 
0. *± 


1 1 
1. 1 


Dini bo nSri jur^ oCoi «Ti « , ( )^ 

J -2r "0. 2^-*- 1. 0. z uv l. 9 A ■ L 0. l v 9 


190 


0. u 


1 9 
1. z 


BioPbn oSr, tMnn 9CC Q Ti rt ,0 Q 

0. Z^- 1 - L ™ H). 2 WW 1. 9* - L 0. 1^9 


198 


8 2 

O. Zv 


1 A 


Dlol Dn oSri aTGn 0CO1 oTin i0n 

z^ U. z*- 7 -*- 1. o 0.2^^1.9* x 0. l w 9 


199 


7 Q 




BioPbn oSr, «Ni ft oCo, Q Ti n i0 o 

Z* z^ I. <r -^OL 2 W 1. 9* ^-O. 1 9 


201 




I. O 


Bi 2 Pb 0 . oSr L 8 Ciio. 2 Co L 9 Ti 0 fig 


207 


9. 1 


1. 2 


Bi 2 Pb 0 2Sr t gZrio 2 Co L g Ti a i0 9 


190 


6.9 


1. 1 


Bi 2 Pb a oSr L 8 Pb a 2 Co L 9 Ti 0 . t 0 9 


198 


7.4 


0.8 


Bi 2 Pb a oSr L 8 Cao 2 Co L 9 Ti 0 ^9 


199 


7.8 


1. 3 


Bi 2 Pb a oSr L gBao. 2 Co u 9 Ti 0 1 0 9 


201 


7.7 


1.4 


BioPbooSr^aAlooCoKgTio. A 


210 


8 


1. 1 : 


BioPbazSr^YooCoLgTio. 


206 


8.2 


1 
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Table 24 



BioPbn oSl\ oLdn 0CO1 oTln 1O0 
^ w 0. 1. S 1 -^ 2 W 1. 9 1 -'■(1 1 v 9 


205 


7. 9 


1 ^ 


BioPbn oSr t oC6ft oCoi nTin iOn 

u *f 0. Z^- 1 - 1. 8 VV 0. Z w l. 9 0. 1^9 


198 


9. 1 


0 Q 


BioPbn oSrt oPrn oCo, Q Tin iO Q 


195 


8. 4 


1 1 

1. X 


BioPbn oSfi tWdn oCo, oTin iOq 


200 


8. 6 


1 4 


BioPbn oSi*i oSnirt oCoi Q Tin .On 

t ~ ,J -2r "ft 1. ^'"Oi 2 1, 9 d 1 9 


203 


7 8 


1 9 


Ri PK 9^ Rn Pn Ti fl 

d l 2 r D 0 ^r, gCUn, 2 oo L g 1 1 0 t U 9 


ZU1 


y 


0. 9 


Ri PK Cy> CA Cr\ Ti fl 
DloTDo 20r L gLrOo 2V 0 1. 9 1 !<). 1^9 


zllo 


o o 


1. 1 


Ri PK Wir P/^ Ti H 


ZU1 


o o 

o. 3 


1. 2 


Ri PK Qi- H/-% P/^ Ti C\ 


iyu 


o. 6 


0. 9 


Ri DK Qv EV p„ Ti H 


i no 

lyy 


8. 7 


1. 1 


Ri PK Qv VK p rt Ti Ci 


iyy 


8. 3 


1. 2 










RioCa«Co, «T"i« ,CL 

uj.2 v - /Cl 2 v - A -'l.9 A -*-(). 1^9 


900 


7 Q 


1. o 


BioCa. oNa^ JCo, «T:L Ou 




R 1 

O. 1 


i 
1 


BioCa, oKa oCo, n Ti« .0^ 


205 


Q 

o 




BioCa. J i„ oCo, «Ti« ,0k 


1Q« 


7 ft 


i i 
i. i 


BioCa. oTi« oCo, «Ti« Ou 


901 


7 9 


i 
i 


BioCa. 0 V rt oCo, rt Ti« Ou 




Q 


1 9 
1. Z 


■ u - L 2 v ^ <l 1.8 v -' i -0.2 VyU 1.9 1 A 0. 1^9 


909 


7 R 


1 i 
I. 1 


BioCa. JWru oCo. «Ti« ,0u 

L/-L2 V/O 1.8 [mi 0.2V'" r 1.9* - L 0. lV9 




7 R 


u. y 


BioCa, oFe« oCo. /Ti rt ,0u 




R R 


U. o 


BioCa, oNi«oCo, /Ti" Ou 


J. C/O 


Q O 
O. Z 


i 


BioCa. oCru oCo, /Fi„ 0u 

u±2 v - <:l 1.8^ u O. 2^^1.9 1 A 0. 1^9 


XisiJ 


7 Q 


1. o 


UJ -2 V * <1 1.8^ ,1, 0. 2V U L9 1 A <X lV9 


900 


Q 

D. ^7 


1 9 
1. Z 


RioCa. «Pho oCo «Ti« 0u 

lJX 2*^1.8 r u 0. 2> AJ L9 A -*■(). 1^*9 


905 


R 1 




RioCfi. oStv oCo. «Ti^ .0u 

u±2 v ^ cl 1.8 ox 0.2 VA -'l.9 1 A 0. 1^9 




7 


1. o 


Ri«C?i. oRa« ~Cn. ^Ti« .0u 

UX 2 ^l.8 1 - k:1 0.2^ J L9 1 A 0. 1^9 


J.«7«7 


R fi 


1 A 

1. 4 


BioCa, oAln oCo, nTi« ,0u 

AJ - L 2 v ^ a 1.8 ri - L 0. 2 V - A -'1.9 1 -*-0. 1^9 


210 


R 9 


1 i 
1. 1 


BioCa. oY« oCo. oT"i« ,0r, 

ijx2 V/C1 l. 8 1 0. 2 V -^1.9 1 -"-0. 19 


202 


7 Q 


. i 


BioCa. oLa. oCo, oTi« ,0u 


204 


R Q 


1. o 


B^Ca^ gC©Q 2^0j qTiq [0g 


197 


8. 1 


0. 9 


Bi 2 Ca L8 Pr 0 2 Co K9 Ti 0 ,0 9 


190 


9 


1. 1 


Bi 2 Ca l . 8 Nd {) . 2 Co L9 Ti 0 . t (\ 


198 


8.2 


1.4 


B i 2 Ca , 8 Srno 2 Co 9 T i 0 ,0 9 


199 


7.9 


1.2 


Bi 2 Ca! 8 Euo, 2 Co L9 Ti 0 . A 


201 


8.6 


0.9 


Bi 2 Ca l . 8 Gd 0 . 2 Co L9 Ti 01 (^ 


207 


9. 1 


1. 1 


Bi 2 Ca L8 Dy 0 2 Co! 9 Ti 0 . ,0 9 


190 


6.9 


1.2 
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Table 25 



Bl 2 ta L sHo a 2 U) l gl l a A 


1 00 


7 A 

7. 4 


0. 9 




iyy 


7 O 

7. 0 


1. 1 


bizCa! 8 Yb 0 2 Co 1 9 1 1 0 . A 


Z(J1 


7. 7 


1. 2 










1 -' J -2 1 u 0. 2 v>a 2 V/W l. 9 1 x 0. 1^9 


206 


8 9 


0 R 


Ri«Ph« „Pa.. ~Na_ «Po. «Ti „ ,0u 




7 Q 


1 ^ 


Ri~Ph«. . „K« -XVi. «Ti« .flu 

AJJ -2 r u 0. T^^i. 8**0. 2^ /U l. 9 1 x 0. 1^9 


L Z/KJ 


Q 
O 


1 9 


U 1 2 r u 0. 1. 8^ x 0. 2 V ^ J 1. 9 1 x 0. l u 9 




8 1 
0. 1 


1 1 

1. 1 


Ri~Ph„ JTs\ ~Ti „ „Po ^Tk 0~ 

^ x 2 r u 0. 2 Ucl l. 8 1 x 0. 2 L/U 1. 9 1 x 0. 1^9 




7 R 


0 ft 


Ri Pb ^Ta V «Tn Ti 0 

Dl2 ru 0.2 v -' cl l.8 v 0.2^' u l.9 1 x 0. l u 9 


90^ 


0. 0 


1 ^ 
I. 0 


Ri Pb Pa Pr Co Ti 0 

D 1 2 r u 0. 2^ a 1. 8^ x 0. 2°°l. 9 1 1 0. l u 9 


901 


R 9 


1 A 


Ri Pb Pa Jtfn Pr> Ti 0 
D 1 2TD 0 2 oa l. S^^K). 2^°1. 9 1 x 0. l u 9 


90R 


7 Q 


1. I 


Ri Pb Pa Fp Pn Ti 0 

D1 2F V 0. 2 oa 1.8 rt? 0.2^ u l.9 A x 0. 1^9 


lc?0 


d. y 


1 
1 


Ri Pb Pa Ni Co Ti 0 

Dl 2 ru 0 2 y '&L& il 0. 2^°l.9 A x 0. l u 9 


1QQ 


ft 1 


1. 0 


Ri Pb Pa ,Tn Pn Ti 0 

D - L 2 ru 0. 2^ a l. 8^^ 2^°1. 9 1 x 0. l u 9 


900 


Q 


n q 
u. y 


Ri Pb Pa 7n Pr> Ti 0 

Dx 2 rD 0. 2^ d L 8^^ 2V°L 9 1 x 0. l u 9 


90fi 


R 9 
0. 


1. 1 


Ri Pb Pa Ph Co Ti 0 

Dx 2 rD 0. 2^ a l. S^O. 2°°l. 9 1 x 0. l u 9 


90R 


7 Q 

/ . y 


1 A 
I. 4 


Ri Pb Pa Ho Ti 0 
nx 2 r D 0. 2^1. sP-l 0. 2V°1. 9 1 x 0. 1 U 9 




0. D 


1 9 


Ri Ph Pa Ra Pn Ti 0 
DX 2 ru a2^ <1 L8 Da a2 v ^ 0 1.9 A x 0. 1V9 


901 


Q 1 


n q 
u. y 


Ri Pb -Pa AT Pn Ti 0 

D1 2 rD 0.2V a L8 rtx a2^ /O 1.9 A x 0. l U 9 




D. zJ 


1. 1 


Ri Pb JTs\ Y „Pn Ti 0 

D1 2 r D 0. 2^1. 8 1 a 2V°1. 9 1 x 0. 1^*9 


909 


7 A 


1 9 
1. z 


Ri Pb Pa \ s\ Pn Ti 0 

Dl 2 rD 0> 2^ a l. 8*^0. 2V°1. 9 1 x 0. 1 U 9 


90*3 


7 R 


A Q 

u. y 


Ri Ph Pa _P<* Pn Ti 0 
Dx 2 ru 0. 2^ a l. 8^ y 0. 2^°l. 9 1 x 0. l u 9 


909 


7 7 


1 1 
1. 1 


Ri Ph Pa Pr fn Ti H 
D1 2 rD a 2V 3 1. S 1 ^ a 2^°1. 9 A x 0. 1^9 


9n^ 


0 
O 


1. z 


Ri Ph _P« MH Pr* Ti O 
Dx 2 ru 0i2V a l. 8 1NU a2 v - /C) L9 i x 0. lM9 


90R 


0. Z 


1 /i 
1. 4 


Ri^Ph Pa ^m. Po Ti 0 
D x 2^ u 0. 2 Ud l. 8° iU 0. 2V°1. 9 1 1 0. l u 9 


1QR 


7 Q 

/ . y 


n ft 


BigPbo. 2Ca L 8 Euo gCo^ 9 Ti 0 . A 


199 


9. 1 


1. 3 


bi 2 Pb 0 . gCai. gCrda 2 Lo L 9 1 1 0 ^ 


201 


8. 4 


1. 2 


Bi 2 Pb 0>2 Ca u8 Dy 0 2 Co { 9 Ti a A 


207 


8. 6 


1. 1 


BigPbo ^a, J\o Q 2 Co x 9 Ti 0 A 


190 


7. 8 


0.8 


Ri Ph Ca Pr- P/-\ Ti O 

Di 2 rD 0 2 ^a t 8 cr 0 2 Lo i. 9 1 io. i u 9 


1 Q8 




A 7 
U. / 


Bi 2 Pb 0 . 2 Ca L8 Yb 0 2 Co! 9 Ti a ,0 9 


199 


8.2 


1.3 










Bi^zCo! 9 Ti 0 t 0 g 


190 


8.6 


1. 1 


Bi^^gNao^Co, 9 Ti 01 0 9 


198 


8.7 


1 


Bi 2 Ba! 8 Ko 2 Co, 9 Ti 0 ,0 9 


199 


8.3 


1.3 


BigBa! 8 Li 0 ^Co! 9 Ti 0 . A 


201 


9 


0.9 
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Table 26 



BioBa. R Ti 0 oCo, q Ti 0 A 

i. o u. i i.y u. i y 


200 


7.9 


1. 1 


BioBa, oV 0 oCo, q Ti 0 A 


206 


8. 1 


1. 4 


BioBai oCr n 9C0. q Ti n A 

* I. 0 U. £ 1. y U. 1 if 


205 


8 


1. 2 


BioBai <Mt1a 9C01 qTin A 


198 I 


7.8 


0. 9 


BioBai oFen 9C01 oTin A 


201 


7.2 


1. 1 


BioBa, fiNio 9C0, Q Ti n A 


196 


9 


1. 2 


BioBai oCiin 0C0, Q Ti n iOq 


202 


7. 8 


0. 9 


BioBai oZrin 0C01 oTin 1O0 


203 


7. 5 


1. 1 ! 


BioBai oPbrt 0C01 oTin iOq 


205 


8. 6 


1. 2 


Bi2Bai gCag 2 C^i 9^io iQ) 


198 


8. 2 


1. 4 


BioBai oSiTn oCoi nTin A 


195 


7. 9 


0 8 


BioBai cAlrt oCoi oTin i0n 


200 


6. 9 


1. 3 


BioBai oln 0CO1 nlin lOn 

u x 2*-~» 1.80. 2 vyv 1. 9 A A 0. 1 w 9 


205 


8. 1 


1. 2 


BiiBa t oLan oCOi niln iQn 

u a. 2 J -^- 1 1 . 8 1 ~' t - A 0. 2 1.9 x 0. 19 


198 


9 


1 i 


1J 1 oBa • oC/Ga nLO 1 nlin , On 

u a 2 A - Jt - i 1. 8 W 0. 2^^ 1. 9 1 - L 0. 1^9 


199 


8. 2 


0 8 


BioBai oPTa 0CO1 nTin 1O0 


210 


7. 9 




BioBai oNdn 0C01 oTin A 


202 


8. 6 


1 4 


B 1 /iKa 1 oSrru o( >o , nlin , Qr> 

2^^^ 1. 8^ 2 1.9 -"-ft 19 


204 


9. 1 


1 1 

X. X 


^^l. 8^0. 2^°1. 9 1 !o. A 


1 Q7 


b. y 


1 

1 


DloDa! gliOo 2 U)! 9 I1 0 iUg 


iyu 


7 A 


1. 3 


Diooa! gUy 0 2 U) L 9 l i 0 




(. O 


0. 9 


Dlopa^ 8"°0. 2^°l. 9* x 0. A 


1 QQ 

iyy 


1 1 


1. 1 


R-i R*a T7-k« P^ T-i C\ 


ZUi 


o 
O 


1. 4 


Ri Rq VK Cr\ T-i H 
bloba! g Y b a 2U) L 9 1 1 0 iUg 




o. Z 


1 o 

1. Z 










BioPbn oBaoCoi oTi« ,0o 


198 


9. 1 


1 1 

X. X 


BioPbn oBai aNa^ nCo, Q Tin iOq 

*- #J -Z* 0. 2^ 1. 0^ 2 1. 9 0. 19 


199 


8. 4 


1 2 

X« Lj 


BioPbn oBai oKn 0CO1 oTin 1O0. 


201 


8. 6 


0 Q 

v. *7 


BioPbn oBai oLln 0CO1 oTin i0n 
2 A ^0. 2 1 -' < -*l. S^^O. 2 W I. 9 A A 0. l w 9 


210 


8. 2 


1. 1 


BioPbn oBai oTin 0CO1 nTin i0n 
2^ 0. 2r"^ 1 . o 0. 2 1.9 0. 1 9 


206 


7. 9 


1. 2 


Bi 2 Pb 0 oBa L8 Vo , 2 Co, 9 Ti 0 jOg 


205 


8.6 


1. 4 


Bi 2 Pb 0 2 Ba l 8 Cr 0 2 Coi. 9 Ti 0 . A 


198 


9. 1 


0. 8 


Bi 2 Pb 0 2Ba L gMrin 2 Co L 9 Ti 0 fi 9 


195 


6.9 


1. 3 


Bi 2 Pb 0 . 2 Ba L 8 Fe 0 2 Co L 9 Ti a ,0 9 


200 


7.4 


1. 2 


BisPbooBaLgNio^Co^Tio. A 


203 


7.8 


1. 1 


Bi 2 Pb 0 . 2Ba L 8 Cuo. 2 Co, 9 Ti 0 . ,0 9 


201 


7.7 


1. 4 


B i 2 Pb 0 oBa , aZriQ 2 Co , 9 T i 0 A 


208 


8 


1.2 
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Table 27 



BioPbn JBa, aPbn oCo, Q Tin iO Q 


205 


8. 2 


0. 9 


BioPbn oBa. 0 Can 1C01 Q Tin iO Q 

0. 2*^"-* I. 8 W "0. 2 W 1. 9* x 0. 1^9 


198 


7. 9 


1. 1 


BioPbn oBa, oSrn 0C0. Q Tin iO Q 


201 


9. 1 


1. 2 


BioPbn oBa, oAln oC0. nTin .On 
0. 2r~^ l.cr 0. 2r^^ 1.9 0. 1 9 


196 


8. 4 


0. 9 


BioPbn oBSi oYn oCO. oTin iOq 
^ 2 0. 2r~^ 1 . o 0. 2 1.9 0. 1 9 


202 


8. 6 


1. 1 


BioPbn oBa« oLSn oCO. nTin .On 


203 


7. 8 


1. 2 


BioPbn oBa. oLGn oCOi nlln lOn 

1 -'- L 2 0. 2^ 1. 8 0. 2 1. 9 1 ± 0. 19 


205 


9 


1 4 


BioPbn oBa, oPTn oCO. nTin .On 


198 


8. 2 


0 8 


BioPbn oBa, oNdn oCO, nTin ,0n 

UJ.OJ. ug 2 AJa l. 8 l,u 0. 2 V - /V 1. 9 1 - L 0. 19 


195 


8 T 


1 ^ 


BioPbn oBa, oSrru 0 Co, nTin .On 

i^xoi uq 2 JJCl l. S 011 ^). 2 V ^ J L 9 1 -^-O. 19 


200 


8 6 


1 9 


D-I DU D~ 17,, T-.* r\ 

bi 2 Fb 0 oba,. 8 bUo 2 Lo L 9 1 1 0 


Z05 


8. 7 


1. 1 


bioFbo oba L gGdn. 2 0o, 9 1 1 0 . A 


1 no 

198 


8. 3 


0. 8 


D 4 DU D« n,r T^' A 

BloFbo oBai . 8 Dy 0 . 2 Co l .9 1 la A 


199 


9 


1. 3 


Di 2 Pb 0 2Ba L gHo a 2 Co,. 9 1 1 0 . A 


zlO 


7. 9 


1. 4 


BioPb 0 oBa! 8 Ero. 2 Co lf9 Ti a A 


202 


8. 1 


1. 1 


DioPb 0 . opa! 8 Y b 0 ^o x g 1 1 0 ^g 


204 


8 


1 














7 9 




JJ± 2° 1 1. S^^O. 2^1. 9 v 0. 1^9 


X CO 


Q 


1 1 
1. 1 


UXopX i gl\n 2^ /U l. 9 V 0. l u 9 


X C7C7 


7 R 


1 A 


Ri«Sr J i .Co V 0 

L>J -2°- L 1. 8 L ' A 0. 2M J 1. 9 V 0. 1^9 


901 


7 R 
1.0 


1 9 
I. Z 


RiJvr „Ti f!n V 0 

D1 2 ox 1.8 1 1 0. 2^1.9*0.^9 


907 


0. u 


n q 


D1 2° r L8 v 0.2^1.9 v 0. l u 9 




S 9 
0. 


1 1 
1. 1 


UXopi i 8 Ux o. 2 V -* J L 9 V 0. l w 9 


X*70 


7 Q 


1 9 


Ri Jvr. «Mru «Tn 0 

u x 2° x L » mi 0. 2V* J L. 9 v 0. l u 9 


X*7*7 




n q 


BioSr, oFen oCO, nVn On 

ux2 0i 1. 8 1 c 0. 2 OVJ L 9 v 0. 1^9 


201 

uV X 


8 1 
0. 1 


1 1 
1. 1 


BioSr. oNln oCO. nVn .On 


210 

LIU 


ft Q 


1 9 


BioSr. oClin oCO, nVn ,0n 

u J. oox L 8^^. 2 V ^ VJ 1. 9 ¥ 0. 1^9 


206 


7 4 


1 
1 


BioSr. oZrin oCO. nVn ,0n 

u±2 lJ± 1. K). Z^-^l. 9 v 0. 1^9 


205 


7 8 


1 ^ 


BioSr. «Pbn oCO, nVn ,0n 

1J - L 2°- L 1. 8* u 0. 2^^!. 9 y 0. l w 9 


198 


7 7 


1 
x 


BioSr, oCan 9C01 Q Vn .0 Q 

z 1. b u. 1. y u. 1 J 


195 


8 


0. 9 


Bi 2 Sr j gBao 2 Co L 9 V 0 1 0 9 


200 


8.2 


1. 1 


Bi 2 Sr L8 Alo. 2 Co K9 V 0 ,0 9 


203 


7.9 


1 


Bi 2 Sr L8 Y a2 Co». 9 V 0 . fi 9 


201 


9. 1 


1.2 


Bi 2 Sr L 8 La 0 2 Co L 9 V 0 i0 9 


208 


8.4 


1. 1 


Bi^r t 8 Ce 0 2 Co, 9 V 0 iOg 


201 


8.6 


0.9 


Bi 2 Sr L8 Pro. 2 Co L9 V 0>l 0 9 


190 


8.2 


0.8 
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Table 28 



UA 2° I l.8 l ^ u 0.2^ u 1.9 v 0. l u 9 


1*70 


7 Q 
1 . y 


1 
1 


IJI2 01 l.8° 1L u 2^^1.9 v 0. 1^9 


1QQ 


0. 0 


i. 0 


bizbr L sbllQ 2 ^°1. 9 V 0. A 


on 1 

201 


9. 1 


1. 2 


Bipr L gCido 9 V 0 


200 


6. 9 


1. 3 


Bi 2 Sr l . 8 Dy 02 Co L9 V ai 0 9 


206 


7. 4 


0. 9 


BigSr L ^io 0> 2Co L 9 V 0 A 


205 


7. 8 


1. 1 


blgOr^ shr 0 2^°L 9 V 0. A 


198 


7. 7 


1. 4 


Bi 2 Sr 1 . 8 Yb 0 . 2 Co L9 V 0l 0 9 


201 
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1 9 
1. Z 


BioPbn oSr. oYn oCo, nMlTn .0o 

x 2 1 uq ovjx l. 8 1 0. 2^^i. 9 m H). 1 v - / 9 


200 


8 9 


0 Q 


BioPb« oSt. oF^ir, «Co. nMn« .0^ 


199 


Q 
O 


1 1 

1. 1 


BioPbn oSr. oCen oCo, nMru .On 

u±2 1 u 0. 2* JJ - 1. S^^O. 2 VyW l. g 1 ' 11 H). l w 9 


210 


7 7 


1 9 


BioPbn oSr. oPr« oCo. nMru .On 

A ^- L 2 1 u 0. 2 01 - 1. 8* A 0. 2 V/U 1. 9" u K). 1^9 


?02 


8 ^ 
0. 0 




BioPbn oSr. oNcL oCo. nMru .0o 


904 


8 

0. u 


1 1 
1. 1 


BioPb« oSr. oSitu n Cn. ~Mn« .0„ 

AJ - L 2 1 u 0. 2° x 1. 8° ilJ 0. 2 VA -'l. 9 tvu k). 1^9 


X»7 1 


8 7 
0. i 


1 9 


r> • r>K C~ r,. r*^ \ r\ 

tii2Fb 0 2br L ghUa 2 Co L gMrio. ^9 


1 HA 

190 


8. 3 


1. 4 


bioFbo. 2pr L gGda 2 Cx> L gMrv,^ 


1 nn 

198 


9 


0. 8 


Bi 2 Fb a obr L gDya 2 Co L nMrio^ fig 


199 


7. 9 


L 3 




zOl 


8. 1 


1. 2 


bioF b 0 obr L 8 hr a 2 Lo L nMrin ^9 


z07 


8 


1. 1 


bioFb 0> obr L 8 Yb a 2 Cx) x ^ nMru ^9 


1 on 
190 


7. 8 


0.8 










BioCaoCo, nMrin .On 


199 


q 




BioCai oNeLn 0C0. nMrin .On 
A -' J -2 V ^ C *1. or ,C4 0. 2 1. 9* U1 0. l v '9 


201 


7 8 


1 1 

JL. I 


fjlrjdPl, oKrt nCyO. <-.Mri/% .On 

u x 2^*-*!. S 1 ^). 2^ /VJ L 9 im K). l w 9 


210 


7 S 


1 
1 


BioCBi oLin oCO. nMTln .On 

1 -' A -2 1. Br-* •*-(). 2 vyvy l. 9 1 "K). 1^9 


206 


8 6 


1. O 


B i 2 Ca 1 8 T i 0 2 Co , gMrio j0 9 


205 


8. 2 


0. 9 


Bi 2 Ca L 8 V 0 2 Co L gMrin ^9 


198 


7.9 


1. 1 


B i 2 Ca 1 gCr 0 2 Co , gMrio , 0 9 


195 


6.9 


1.4 


Bi 2 Ca I<8 Mno 2 Co L9 Mno. fl 9 


200 


8. 1 


1.2 


Bi 2 Ca 18 Fe a2 Co, gMrio 1^9 


203 


9 


0.9 


Bi 2 Ca, gNio 2 Co L9 Mno ,0 9 


201 


8.2 


1. 1 


Bi 2 Ca, 8 Cuo 2 Co, gMrio. ,0 9 


208 


7.9 


1.2 
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Table 34 



Bi 2 Cai R Zrio 0C0. qMnn iOq 

c. I. O v. £ t. j \J. 1 M 


201 


8. 6 


0. 9 


Bi 2 Ca, oPb 0 2 Co, qMnn ,0 9 


190 


9. 1 


1. 1 


Bi 2 Ca, _Sr 0 oCo, qMrio i0 9 


198 


6. 9 


1. 2 


BioCai oBSft 9C0, qMrio A 


199 


7.4 


1 


Bi 2 Ca, qA1 0 2 Co, qMnn A 


201 


7.8 


1. 3 1 


Bi 9 Ca, qY 0 oCo, qMito iO q 


200 


7. 7 


1 


BioCai eLan 9C01 qMnn iOt» 


206 


8 


0. 9 


BioCai aCen oCo ( qMnn iOu 

z 1.0 m ~ Lir i). 1 y 


205 


8. 2 


1. 1 


BioCa, oPrn 9 Co, Mru iG\> 


198 


7. 9 


1 j 


BioCai aNdn 0C0, oMrin iOu 


201 


9. 1 


1 2 


Bi 9 Ca, oSrrin oCo, Mrin ,0a 


196 


8. 4 


I I 

X. X. 


Ri Ps* Rn P/-v Mn 0_ 


909 




u. y 


Ri Cc* CA Cr\ Mn n 
Dl 2 ^i. 8^00. 2^°1. 9^0. 1^9 


ZUo 


Q 9 


0. 0 


Ri T)\r Cr\ Mn C\ 

Di 2 ^ai. sPYo. 2^°1. 9^% 1 U 9 


90^ 


7 Q 


1 


Ri Pa Hn fV> Mn fL 


1 Qft 


O. O 


1 0 
1. 0 


Dl 2 ^ai. 8^0. 2^°L W^Q. 1^9 




Q 1 

y. 1 


1 0 
1. z 


Ri P-a VK Cr\ Mr» H 


9nn 


b. y 


1. 3 










BioPbn oCa 2 Coi qMnn j0 9 


198 


7. 8 


1 1 

X. X 


BioPbn oCa, cNan 0C01 oMrin ,0« 


199 


7. 7 


1 4 

X. ^ 


DloP Dft oC^li oKri 0CO1 nMTL\ lOn 

j-'-i-Zt ^0. 2^^1. 8**0. 2V V 1. 9 1 "H)- l v 9 


210 


8 


1 9 

X. £» 


BioPbn oCa, oLi« 0C01 oMrin 1O0 

t - ,J -2r 0. 2 1 . 8 0. 2^^~^1. 9^ H). 1 w 9 


202 


8. 2 


0 Q 

yj. z> 


BioPbn oCai oTIa 0C01 nMrin i0n 

■ LJ x 2r 0. 1.8 0. 1 . 9^ H). 1 9 


204 


7. 9 


1 1 

X. X 


BioPbn oCa. qVa 0C0, oMrin i0 Q 

Z^ ^0L 2 VU 1. 8 * 0. Z^^l. 9 1 '"*0. 1 9 


197 


9. 1 


1 9 

X* Zj 


BioPbn oCai oCi\\ 0C01 nMn^ tOn 

" ^2. 0. Z^^"^l. 8^ OL 2^^L. y *0. 19 


190 


6. 9 


0 Q 


BioPbn oCai (Mrin 0C01 oMrin 1O0 

Z HZ l,ir Hl2 w l.y M 1^ 


198 


9. 1 


1 1 

X* X 


BioPbn oCai dFe n 0C01 oMrin i0 Q 


199 


8. 4 


1 2 


BioPbn oCa, oNin 0C01 oMrin i0 Q 


201 


8. 6 


1 

X 


BioPbn oCai oCUrroCOi oMrin iOq 


207 


8. 2 


1. 3 


BioPbn oCai oZlTn 0CO1 oMrin iOq 
Z 0. Z 1. 0 *UL Z I. zr *o. 1 y 


190 


7. 9 


1 


Bi 2 Pb 0 2 Ca L 8 Pb 0 2 C°i. 9^no. fis 


198 


8.6 


0.9 


Bi 2 Pb 0 2 Ca, gSr 0 aCo! gMno ,0 9 


199 


9. 1 


1. 1 


Bi 2 Pbo. 2 Ca t gBao 2 Cot gMrio. i0 9 


201 


6.9 


1 


B i 2 Pb 0 2 Ca { gA 1 0 2 Co { gMiio fl 9 


210 


7.4 


1.2 


Bi 2 Pb 0 2 Ca t . 8 Y 0 2 Coj fi 9 


206 


7.8 


1. 1 


Bi 2 Pb 0 2 Ca, 8 Lao 2 Co, gMno fig 


205 


7.7 


0.9 


Bi 2 Pb 0 2Cai.gCeo.2Co, gMno. 


198 


8.0 


0.8 
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Table 35 



BioPbn oCa, cPr ft9 Co, oMno ,0 q 

tr U. e x. Or U ™ ^J. 1 y 


195 


8.2 


1 


BioPbn oCa, oNcLoCo, oMlT/) ,0g 


200 


7.9 


1. 3 


BioPbn ?Ca, oSnin 9C0, qMrin i0q 


203 


7.9 j 


1. 2 


Ri Ph Fii Cr\ Mn 0 

D- 1 ^ u 0. 2V d l. S^Ua 2^1. 9" UI 0. 1^9 


901 


O. 1 


n 7 


Ri Ph CrA Pr» Mn f) 




o 
o 


1. o 


Ri PK Hv f!rt Mn 0 


Izfo 




1 /l 
1. 4 


Ri PK Cck Hn Pn Mn H 
D1 2 rD a2V a i.8 nO a2^1.9 lVin 0. 1 U 9 


1 QQ 


7 9 


1 i 
1. 1 


Ri PK Pa Fr Pr^ Mn O 
0 1 2i D 0 i. 8^a 2^° I. 9^% l u 9 


9A0 


Q 


i 
I 


Ri PK Po VK fn Mn O 


ZUD 


7 Q 


1 Q 
1. O 










Bi 2 Ba 2 Co 1 gMrio |0g 


198 


8. 6 


1. 1 


BioBaj gNa^ 2 Co! gMrio [Q9 


206 


8. 2 


1 4 


BioBa, JKn 0C01 rMrin .0^ 

1 -'- 1 -2r-^l. 8 1 M). 2^^i. 9 1 "*0. 1^9 


198 


7. 9 


1 9 


BioBa, oLin oCot nMrio ,0n 

UA 2^1. 8 0, 2^1. y Hj. l v 9 


207 


6. 9 


0 9 


BioBa, oTin oCoi rMrirt i0u 


190 


8. 1 


1 1 

X. X 


BioBai oVrt oCoi nMru ,0« 

U1 2 1/u l. 8 0. 2^^1. 9" U1 0. l v 9 


198 


6. 9 


1 9 

X. ^ 


BioBai oCrv, nCo, rMn« .CL 


199 


7. 4 


0 Q 


BioBa, oMnu 0C0, JMn^ .0u 


201 


7. 8 


1 1 

X* X 


BioBa. oFp rt oCo, r^Mn^ .Ou 


210 


7. 7 


1 9 

X. Lj 


BinRa. «Ni« oCo, «Mn A ,0k 


206 


8 


X. t: 


BioBa t oCiin 0C0, nMru ,0u 


205 


8. 2 


0 8 

V/. o 


BioBa, oZn« oCo, ^Mru ,0u 


198 


7 9 


x. O 


BioBa, oPK 0C0. nMn^ ,0u 


195 




1 9 


BioBa, oCa^ «Co, rMru ,0u 


200 


8. 4 


1 1 
X. X 


BioRa. oSf« 0 Mn^ ,fL 


203 


8. 6 


0 8 


BioBa, qAIa 0C0, oMn^ ,CL 


201 


8. 2 


1 1 

X. 0 


Ri oRa, oY« oC /O. nMn n .flu 

z 1 -^* 1 . 8 1 0. 2^^1. 9 1 H). 1^9 


208 


7. 9 


1 4 

X. ^ 


BioBa, oLan oCo, rMru ,0u 


198 


8. 6 


1 1 

X. X 


BioBa, oCGn 0C0, rMriA i0u . 


199 


9. 1 


1 

X 


BioBa, «Prn 0C01 oMrin ,0k 


200 


6. 9 


1 3 

X. \J 


BioBa, gNdn 2 Co, gMrio ,0q 


206 


7.4 


0.9 


B i 2 Ba i gSmo 2 Co L gMrin fi 9 


205 


7.8 


1. 1 


Bi 2 Ba, gEiio 2 Co, gMr^ t 0 9 


198 


7.7 


1.4 


B i oBa ( gGdn 2 Co L gMriQ ,0 9 


206 


8 


1.2 


Bi 2 Ba K 8Dy 02 Co l . g Mn a A 


198 


8.2 


0.9 


BioBa! gHo 0 oCOi gMrio ,0g 


195 


7.9 


1. 1 


BioBa, 8 Er 0 2C°i.9M n o. A 


200 


9. 1 


1.2 
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Table 36 







Q A 


0. 9 










BioPbn oBa 9 Co, «Mnn iO Q 


208 


7. 8 


1 9 


BioPbn oBa, oNan Xo, oMnn i0 o 

Z U. ^"1. tr "D. Z 1. if 1 a 


198 


9 


1 4 


BioPbn oBcit JCn oCoi oMrin 1O0 

Z ^0. I. tr HJ. Z 1 . 9* 1 9 


199 


8. 2 


0 ft 


BioPbn oB3i oLin oCoi oMrin iOq 

Z U. v . o IX Z \. 9* Hj. l w 9 


200 


8. 3 


1.0 


DlolDn oD3i oTln nUOi oMTln tOn 
*~ ,J -Zr "0.2^1.8 0.2^^1. *0. 19 


199 


8. 6 


1 9 


BioPbn oBSi oVn oCOi nMTln lOn 
Z U. z™^ 1 . o 2^^^ 1. 9* HJ. 1^9 


210 


8 7 


1. 1 


BioPbn oBai Q Crn oCoi oMrtn iO Q 

Z U.£^1.8^ 12 1.™ t). 19 


202 


8. 3 


0 ft 


BioPbn oBBi oMrin oCOi nMlln ,0n 
0. 2^^^ 1 . 8r v, 2^^^ 1 . 9/ 19 


204 


Q 


0 7 


BioPbn oBai qFga oCoi nMrin .On 

'-'O. Z 1 . 8 X Ml 2 1. ™ H). 1 9 


197 


7 Q 


1. 0 


BioPbn oBai oNin oCo, nMru .On 


190 


R 1 


u. 0 


BioPbn oBa. «Cun oCo. nMn« .fL 


198 


Q 
O 


1 ^ 


BioPbn oBa. e,Zn rt oCo, oMn« .On 

zr 0 2^ 1 8 h) 9^^^ 1 9* *0 1^9 


J. ZJ Zf 


7 P. 


1 9 


BioPbn oBa. oPbn oCo. nMru ,0. 

i-f ±2 X MX 2r ja l. 8^ 0. 2^^1. 9 1 11 K). 19 


901 


7 9 


1. 1 


u±2± MX 2 LJa l. S^Ml 2°^1. 9" U1 0. 1M) 




Q 


U. 0 


BioPbn oBa. oSr„ oCo. nMnn ,0n 

UJ -2 1 MX 2 Jja l. Ol 2 v ^L9 ,1fU KX 1M5 


J. ZJ\J 


7 


1. 0 


BioPbn oBa, oAln oCo, nMrin ,0o 

u - l 2 1 MX 2 JJC *l. 8 r *- L 0. 2 VA ^1. 9* ¥111 0. 19 


198 


7 R 


1. ^ 


BioPbn oBa, oYn oCo, nMrin ,0n 

*-* A 2 A MX 2^^ 1.8 0. 2V^l. 9 1 ' 11 H). 19 


198 


O. VJ 


1 1 ! 
1. 1 


BioPbn oBa, 0 Co, nMrin ,0« 

uxoi MX 2 ua l. S'-'MX 2^ AJ 1. 9 im ^X l v 9 


901 


ft 9 


1 


BioPbn oBa, JC& n oCo. nMrin ,0n 

u ±2 1 MX 2 J - Ha l. S^^Q. 2 v -*- / l. 9" u 1M3 




7 Q 


1. 0 


BioPbn oRa. n Pr„ nCo. nMrin .0~ 

LJ± 2 1 MX 2 LJCl l. 8 1 x Ol 2 V - /U 1. 9 1 * 11 H). l w 9 


909 


U. ZJ 


n q 


BioPbn oBa, oNdn oCo, nMr^ ,0„ 

U1 2 1 ^0. 2^ 1. 8 1 1vj 0l 2^-'l. 9 im K). 1^9 




Q 


1. 1 


BioPbn oBa. oSnu oCot oMn« ,0« 


90^ 


7 ft 
/ . 0 


1 A 


DlgTbo o^l. 8 tu 0. 2^1. 9^0. A 


1 no 
19o 


7. 5 


1. 2 


bioPb 0 2ba L glrdo 2^0^ gMrio. i0 9 


195 


8. 6 


0.9 


R-i DV\ Do rvir n 

DloT D 0 otia! gUy a gtO! nMTln lUg 




8. 2 


1. 1 


oi2^ D a oDa^ sHo 0 2 ud l gjwnn ^9 


one 


7. 9 


1. 2 


R-i Ro P/-v i*v, n 

K1 2^D 0 . oDa L 8 c,r a 2 U) L gMrio jU 9 




6. 9 


0. 9 


Ri PK Ro VK Ayfr* H 

Dl 2 rD 0 oI>ai. 8 D a 2^0! gMTln^ 


iyy 


0 t 
0. 1 


1. 1 










Bi 2 Sr 2 Co, nFe 0 ,0 9 


202 


7.4 


1.4 


Bi 2 Sr K8 Nao 2 Co l 9 Fe 0 t 0 9 


204 


7.8 


0.8 


Bi 2 Sri 8 Kq 2 Co t gFe 0 ^9 


197 


7. 7 


1.3 


Bi 2 Sr L8 Li 0 2 Co L9 Fe 0 ,0 9 


190 


8 


1.2 


BioSr, gTio.zCOi gFeo. x 0 9 


198 


8.2 


1. 1 


BioSr, 8 V 0 2 Co 1 . 9 Fe 0 .,0 9 


199 


7.9 


1.4 
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Table 37 



Ri ^vr fV -Cn* Po fk 


90 1 


Q 1 


1 O 

1. z 


Ri _Mn _fV» Po n 


9H7 
ZU I 


0. 4 


A Q 

u. y 


Ri Rq P n Pq O 




O. D 


1. 1 


Ri 9r Mi fr, Po fl 




O. Z 


1 0 
1. z 


Ri Qr* Pn fV\ Pa O 


1QQ 


7 Q 


A A 
0. 9 


Ri Qv* 7r» Crt 0 
DI2OX | $LUq £JJ{ 1^9 


ZUl 


O. D 


1 1 
1. 1 


Ri Pk fYk Pa n 


91 n 


Q 1 

y. 1 


1. Z 




9HA 


b. 9 


1 A 

1. 4 




one 


7. 4 


0. 8 


Ri Qv A "I P^. C G n 


1 no 

iyo 


7 0 
7. 0 


1. 3 


Ri Qv- V Cr\ Rq n 
Di 2° x 1.8 1 0.2^ AJ l.9 rt? 0. l u 9 


1 


7. 7 


1. 2 


bi 2 br , 8 Lao 2^°i. 9^ e a A 


zuU 


8 


1. 1 


biprj 8 te 0 ^Cx)! gheo. A 


OAO 


8. 2 


0. 8 


Di^r! ghTo 2 tOi gheo. A 


zOl 


7. 9 


1. 3 


di^t 1 gJMdo .jLo, gbe 0 A 


zUo 


A 1 

9. 1 


1. 4 




1 no 
19o 


O A 

8. 4 


1. 1 


BigSr^Euo^CoLgFecA 


199 


8.6 


1 


BigSr^gGdo 2 Co! gFe 0 A 


200 


7.8 


1.3 


Bi^r L gDy a 2 Co L gFe a A 


206 


9 


0.9 


Bi^r j gHo 0 2 Co L gFe 0 . A 


205 


8.2 


1. 1 


Bi^r , 8 Er 0 2 Co L gFe a A 


198 


8.3 


1.4 


Bi2S:r L 8 Yb 0 2 Co t gFe 0 A 


206 


8.6 


1.2 










m 2 Fb 0 . 2^rjJo x gbeo. A 


OAT 

207 


8. 3 


1. 1 




1 AA 

190 


9 


1. 2 


hJ i 2 r b 0> gbr L gKo 2 U> L gh e 0 A 


1 AO 

198 


7. 9 


0. 9 


m 2 rb 0 8 Li a2 to l ghe 0 A 


1 AA 

199 


8. 1 


1. 1 


bi 2 rb 0 pr t 8 1 1 0 2 Co L ghe a A 


0A1 
zOl 


8 


1. 2 


oi^bo £>r { 8 V 0 ^u^ gheo A 


Ol A 

•ZlO 


7. 8 


1 


Ri pu Pv Cr^ p/^ n 


one 
zUo 


•7 O 

/. z 


l. 3 


u 1 2 r u 0. 2 ox t . W m H). 1 . ^ ^0. l u 9 




Q 

C/ 


1 
1 


Bi 2 Pb 0 . sSr L 8 Fe a 2 Co L gFe 0 A 


198 


8.2 


0.9 


Bi 2 Pb a 2 Sr t sNia 2 Co L gFe 0 . fi 9 


195 


7.9 


1. 1 


Bi 2 Pb 0 2Sr L 8 Cuo, 2 Co L gFe 0 ,0 g 


200 


6.9 


1 


Bi 2 Pb 0 . zSr L 8 Zno. 2 Co L gFe 0 . ,0 9 


203 


8. 1 


1.2 


Bi 2 Pb 0 . gSr L gPbo. 2 Co L gFe 0 . ,0 9 


201 


6.9 


1. 1 


Bi 2 Pb 0 gSr, 8 Cao. 2 Co, gFe 0 . A 


208 


7.4 


0.9 
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Table 38 



d; du Cv. c*^ n 

Bi 2 Fb a2 br L8 Ba a2 U> 1 9re 0 ^9 


1 no 

lyy 


7 O 
/. O 


r\ 0 

0. 0 


D -I DU C-w- A 1 Crt Ci 

\5i^ , b 0 pr l >8 Al a2 u>i.9re ai U9 ; 


iyy 


1 H 
(. I 


1 


Dl2ru 0 2or t 8 Y 0 2 v^O, greg fig 


zUU 


O 
O 


1. 3 


Bi 2 \ J b 0 ^r l J^ 2 Lo l9 be 0 ,09 


one 


O O 

8. 2 


•I 0 
1. 2 


Bi 2 Pb a 2Sr L gCe a 2 Co L 9re 0 fig 


205 


7. 9 


1. 3 


Bi 2 Pb a2 Sr L8 Pr 0 2 Co L9 Fe 0 fig 


198 


9. 1 


1 


Bi 2 Pb 0 2Sr L gNdo 2 Co L 9p e a A 


206 


8. 4 


0. 8 


r>- rii_ c 0 n 

Bi 2 Pb 0 gSr L gSrno 2 Co L gFep .O9 


198 


8. 6 


1. 3 


Bi^bo jSr L 8 Euo, 2 Co L gFeo £9 


195 


8.2 


1.2 


Bi2Pb a gSr L 8 Gdo. 2 Co L 9Fe a A 


200 


7.9 


1.1 


Bi^bo. £r L 8 Dy a 2 Co L gFeo. A 


203 


8.6 


0.8 


BigPba gSr L jdo^ 2 Co L gFe Q . A 


201 


9. 1 


1.3 


Bi 2 Pb 0 ;>Sr L 8 Er 0 2 Co L 9Fe 0 ,0 9 


208 


6.9 


1.4 


Bi^bo 2Sr L 8 Yb a 2 Co l gFe 0 A 


198 


7.4 


1. 1 












200 


7. 7 


1. 3 


Bi 2 Ca L gNao, 2 Co L 9Fe 0< ^ 


199 


8 


0.9 




210 


8. 2 


1. 1 


13 * T * 

bizLaigLio.^JOi.^eo. lUg 


202 


7. 9 


1.4 


Bi 2 Ca L 8 1 1 0 . 2Co L gb e 0 ^ 


204 


9. 1 


1.2 


Bi 2 Ca! 8 V 0 2 Cx> t 9he 0 ^ 


197 


8.4 


0.9 


Di 2 La L 8 Lr 0 2 uo L gr e 0 ^ 


190 


8. 6 


1. 1 


Bi^. gMrio 2 Co L gFeo. A 


198 


7. 8 


1.2 


O * C 

Bigta! e 0 2 U) L 9^ e 0 . ^ 


199 


9 


0.9 


Bi 2 Ca L sNi a 2Co L 9Fe a A 


201 


8. 2 


1. 1 


Bi 2 Ca L gCuo. 2Co L 9Fe 0 . A 


207 


8. 3 


1.2 


Bi 2 Ca L 8 Z% 2Co u 9Fe 0> A 


190 


8. 6 


1.4 


Bi 2 Ca L sPbo. 2 Co L 9Fe a A 


201 


8. 7 


0.8 


Bi 2 La L8 br a2 Co L9 he 0 . ft 


208 


8. 3 


1. 3 


0 • r> r» /-v 

Bi 2 Ca L gBao 2 Co L 9b e 0 ^ 


198 


9 


1. 2 


Dl 2 Ud l SAJ-o 2 ^U ( 9TU 0 . i^9 


1 QQ 

iyy 


/. y 


1. 1 


B i 2 Ca ! 8 Y 0 2 Co L gFe 0 j 0 9 


200 


8. 1 


1.4 


Bi 2 Ca, gLao 2 Co, 9Fe 0 ,0 9 


199 


8 


1.2 


Bi 2 Caj 8 Cgq 2 CO| 9F6Q jOg 


210 


7.8 


0.9 


BizCa! 8 Pr 0 ^COi 9Fe 0 . A 


202 


7.2 


1. 1 


B^CaLgNdo.gCoLgFeo. A 


204 


9 


1.2 


Bi 2 Ca t gSnu 2 Co L9 Fe 0 . A 


197 


7.8 


0.9 
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Table 39 



bl 2 tai gbUo 2^ 9re 0 iUg 


1 on 


7 C 
/. O 


1 1 
1. 1 


Dl 2 La L 8^ao.2^°L9^ e o. 1^9 


1 no 


O CI 
O. O 


1. z 


Di 2 Ca, 8 L)y a2 U) l 9re 0 ^ 


i on 

iyy 


0. Z 


1 A 

1. 4 


Di 2 ta L8 Ho 0> 2 Lo L9 re 0 


ZU1 


n n 

/ . y 


n 0 


bi^! 8 hr 0 2 tO! 9re 0 ,0, 


ZV( 


a n 

b. y 


1. 3 


n - r< vK fV* T?^» n 


1 nn 
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190 


7 4 


1 1 
1. 1 


BioPb n 9Ca, «Pbn 9C0, Q Tan .0 o 


198 


7 fi 




Dlol On oC3i oOPn 0CO1 nlcL\ iOn 


199 


7 7 


1 Q 
1. o 


BioPbn oCai ©Ban 0C01 oTan 1O0 


201 


Q 
o 


i. ft 


BioPbn oCai cAln 0C01 Q Tan i0o 

cr U. z 1. cr (J. 1. 9 1 y 


210 


R 9 

O. Zl) 


i. l 


Dlol Dn oCai oln oUOi oTan «0r» 
J U. 1. 8 0. 1. 9 * "0. 1^9 


206 


7 Q 


i 
i 


BioPbn 9Ca. cLan 0C01 oTa« iOn 

Z* w 0. ^"1. o^^il 2 W 1. 9 1 "0. 1^ 


205 


Q 1 


I. o 


Bi9Pbn oCai oCGn 0C01 oTan iOn 

^ U. Z I. o v ^U. Z ^1. 9 * *-*0. 1 v 9 


198 




n q 


BioPbn 9Ca, oPrn Xoi oTan .0 Q 

z U. £ l.cr ■ t 0.z vv/ 1.9 1 "0. l v 9 


195 




i i 
l. i 


BioPbn 9Ca, oNd, 9 Co, Q Tan i0 Q 


200 


7 « 


1 A 
1. 4 


BioPbn oCai oSnin oCoi oTa^ iOn 


203 


q 


1 9 


BioPbn 9Ca, oEun oCo t Q Ta« .0 o 

Z U. I, o ^JL 2 W 1. 9 * *^0. 1 v 9 


200 


R 9 


n q 


BioPbn 9Cat oGdn 9C01 oTan i0o 

c u. z 1. 0 z 1. y * ^0. i w y 


203 


R 1 
o. o 


i i 
i. i 


BioPbn 9Cai oDvn 9C01 oTan 1O0 

cr u. z 1. cr^ j u. z 1. y * ^1 1 y 


201 




1 9 


BioPbn 9Cai oHon 9C01 Q Tan 1O0 

Cr Z 1. cr iV QL z I. 9 x "tt 1 v 9 


208 


8 7 


u. y 


BioPbn oCai oEiTn oUOi oTan iOn 

cr u. z i. o o. z l. y i ^y 


198 


8 ? 


i i 
i. l 


Bi 2 Pb 0 . 2 Ca L 8 Yb 0 2 Co L 9 Tao ,0 9 


199 


9 


1. 2 


Bi 2 Ba 2 Co, 9 Ta 0 t 0 9 


203 


8. 1 


0.8 


BioBa, 8 Na 0 2 Co L9 Tao ,0 9 


200 


8 


1.3 


Bi 2 Ba, 8 Ko 2 Co t 9 Ta 0 fi 9 


203 


7.8 


1.2 


BigBa, gLio^Co! 9 Tao A 


201 


7.2 


1. 1 


BioBa, 8 Ti 0 2 Coi oTan ,0 9 


208 


9 


0.8 


BioBa, 8 V 0 2 Co l 9 Tao ,0 9 


198 


7.8 


0.7 
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Table 73 



C1 2 Da i. 8^ r 0. 2V°1. 9 A % 1^*9 


1 QQ 


7 c; 
/. 0 


1 9 
1. O 


Ri Rsi Mr> fV> To O 


ZUU 


O. O 


A Q 
0. O 


Rt Ro Pq Cr\ To n 

L gT e 0 2 UD L 9 1 3q jUg 


1 QQ 


Q 9 

0. z 


1 O 
1. O 


R-i Ro M-i P/^ To n 




7 Q 

/. y 


1. 2 


R-i Ro Pn Cr\ To n 




^ Q 

0. y 


1. 1 


R-i Ro 7n P/-\ To n 




A 

y 


A O 

0. 8 


R-i Ro PK fV\ To H 




/ . 8 


1 0 
1. 3 


tSl 2 t > a i. 2^°1. 9 la 0. ft 


1 QQ 

iyy 


7 c 
/. 5 


1 A 

1. 4 


bigba! gbr 0 stOi 9!% ft 




8. b 


1. 1 


Ri Ro AT To fl 

qA1 0 2 U> l 9 1 % ft 


one 


0 0 
8. 2 


1 


Di^5a L 8 Y 0 2^0! 9 1 ao ft 




T O 

7. 9 


1. 3 


bigba^gLao 2 Co L9 lao ft 


1 AO 

198 


6. 9 


0. 9 


Bi 2Da L 8 te 0 . 2^0! 9 1 ag ft 


1 AA 

iyy 


8. 1 


1. 1 


Bi 2 Ba L gPro. 2 Co L 9 Tao ft 


OAA 

200 


6. 9 


1. 4 


Bi2Ba L gNdo. 2 Co h 9 Tao ft 


1 AA 

199 


7. 4 


1. 2 


bi 2 Da l gbrrio gCo! 9 lao ft 


O 1 A 

zlO 


T O 

7. 8 


0. 9 


Bi 2 Ba L8 Eu 0 2 Co 1 9 Tao ft 


zOz 


7. 7 


1. 1 


Bl^i gCido g^l. 9 1 % ft 


OA/1 

204 


8 


1. 2 


Bi2Ba L gDyo gCOi 9!% ft 


1 A^ 

197 


0 0 
8. 2 


0. 9 


Bi2Ba L sHOq 2 Co L 9 1 a^ ft 


1 AA 

190 


7. 9 


1. 1 


Bi2Ba L gbro 2 Co L 9 1 ao ft 


1 00 
198 


9. 1 


1. 2 


Bi2Ba L 8 Yb 0 . 2 Co L 9!% ft 


199 


8. 4 


1. 4 


Bi 2 r'b 0 . 2 Da 2 Co L9 la a ft 


207 


0 0 
8. 2 


1. 3 


Bi^ba 2Ba L gNao. 2 Lo x 9 1 a^ ft 


1 AA 

190 


7. 9 


1. 2 


BigFbo. 2Ba! 8 Ko 2 Co L 9 1 % ft 


1 AO 

198 


8. 6 


1. 1 


Bl 2 rb 0 2t> a i. 8 Ll o. 2^1. 9 1 ^ ft 


1 AA 

199 


A 1 

9. 1 


1. 4 


Xi-i DU D^. T-l T« A 

Bl2Tb a aBa! 8 1 1 0 2 Co L 9 1 ^ ft 


oAi 
201 


0. 9 


1. 2 


BixPbo 2Ba L 8 V 0 2U)! 9 1 ao. ft 


210 


7. 4 


0. 9 


BigFbo 2Ba L 8 tr a 2 Lo L 9 I ao 


1 no 
19o 


7 0 
7. 8 


1. 1 


Bi 2 Pb 0 2^1. 8™^. 2^°i. 9 A ao. iU 9 


OAA 

200 


7 7 
7. 7 


1 0 
1. 2 


Ri Ph Pa Tp 0 




0 
0 


n q 
u. y 


Bi 2 Pb 0 . gBa,. 8 Ni 0 . 2 Co L 9 Ta 0 . ft 


201 


8.2 


1. 1 


Bi 2 Pb 0> 2Ba L 8 Cuo. 2 Co L 9 Ta a ft 


208 


7.9 


1.2 


Bi 2 Pb a 2Ba L 8 Zrio. 2 Co! 9 Ta a j0 9 


198 


9. 1 


1.4 


Bi 2 Pb 0 . 2Ba L 8 Pb 0 . 2 Co L 9 Ta 0 ft 


199 


8.4 


0.8 


Bi 2 Pb 0 2Ba u 8 Ca 0 2 Co L 9 Ta 0 fi g 


200 


8.6 


1. 3 


Bi 2 Pb 0 . 2&X gSro. 2 Co L 9 Tao. ft 


206 


7.8 


1.2 
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Table 74 



BioPbnoBa, aAlnoCo, qTau ,0 q 


206 


9.0 


1. 1 


BioPbn oBa, 8 Y 0 oCo, q Tan ,0 q 


198 


8. 2 


0. 8 


Bi aPbn oBa, cLa^ 9C0, q Tan iO q 


199 


9. 1 


1. 3 


BinPbft oBa, oCen oCoi q Tan iO q 

^ u. v. o u. z i.y i y 


200 


8. 4 


1. 4 


Bi 9 Pbn oBa, rPta 9C0. q Tan ,0 q 


206 


8. 6 


1. 1 


BioPbn oBa, oNcL £0, q Tan ,0 Q 


205 


7.8 


1 


BioPbn oBa, oSnin 0C0, q Tan iO Q 


198 


9 




BioPbn oBa, H Eiin 0 Co, Q Tan iO Q 


199 


7. 8 


0 9 

v/. Zf 


BioPbn oBa, oGcL 9 Co, Q Tan iO Q 


200 


7. 5 


1 1 
X. X 


BioPbn oBa, oDy n 0C0, Q Tan iO Q 

^ w 0, Z 1 ^*!. a"-' 0. 2 w l. 9 1 "0. 1 v 9 


199 


8. 6 


1 4 

X. T 


BloPbn tBBi ollOn oCd cX<5u\ lOn 


210 


8. 2 


1 9 

X. Zv 


BioPbn oBa, Q Ern 0C01 oTan ,0n 

'- rj -2r 0. 2^^"M. 8 0. 2^^"^ 1. 9 1 9 


202 


7 9 


\J. Zf 


BioPbn oBa, oYbn oCo. oTa* .On 


204 




1 1 


Bi 2 Sr t gNaQ 1 Co 2 0 9 


199 


8. 6 


1. Ct 


BioSr, oNan 1C01 oTin ,0u 

1. 9* ,w O. 9 0. 1^^9 


201 


8 2 


1 

1 


BioSri oNan 1C0, nVn ,0n 
j-2 k - /x l. 9* ,tA 0. P- /V L 9*0. l v 9 


207 


7 9 




BioSri oNan 1C01 nCr^ ,0u 


190 


6 9 

\J. Zf 


1 

X 


BioSri cNa^ ,Coi nMru ,0u 

2 l. 9 l,c *0. l v *^l. 9 1 mi 0. 1 v ^9 


198 


R 1 

0. X 




BioSr, oNan iCoi oFen ,CU 

2^ 1. 9*" *^0. 9* 0. 1^9 


199 


6 9 

\J. Zf 


1 1 

X. X 


BioSri 9^80 9CU0 iOg 


201 


7 4 


1 ! 
1 


BioSri oNan 1C0. rAen ,0u 

2^ l. ™ l^^^l. 9* &0. 1 vy 9 


210 


7 8 
1.0 


1 9 


Bi^r! qNao iCo t qMoq jOy 


206 


7 7 


1 1 
1. 1 


BioSri rNan ,Co. aW« .0o 

2^ 1. 9 1 ^H). 9 T, 0. 1^9 


205 


» 


1 
1 


BioSr, oNan .Co, nNbn ,0u 


198 


0. 


A Q 

u. y 


BioSr, cNan ,Co, Q Tan ,0d 


195 


7 9 


1 1 

1. X 


BioSrj qKq iCc^Og 


203 


8. 4 


1 9 

X. L, 


BioSr, oKn ,COi nTin ,0n 
2^ 1. 9**0. 1^^1.9 0. l v 9 


200 


8. 6 


1 1 
X. X 


BioSr, oKn tCo, oVn iOu 


203 


8. 2 


0 Q 


BioSr, oKn 1C01 nCrn" iO^ 

WJ -2 WA 1. 9 l K). l w l. 9 S - >X 0. 1^9 


201 


7 9 


\j. 0 


BioSr, oKn 1C01 rMrin ,0a 


208 


8. 6 


1 

X 


Bi 2 Sr! qKo iCo L9 Fe 0 x 0$ 


198 


9.1 


1. 3 


BioSrj 9K0. l Co, 9 Cuq ,0 g 


199 


6.9 


1.2 


Bi2Sr L9 Ko. |Co L9 Ago ,0 9 


200 


7.4 


1. 3 


Bi 2 Sr L9 Ko. iCo L9 Mo 0 . l 0 9 


199 


7.8 


1 


BioSr, gKo. |Co, 9 W 0 ,0 9 


200 


7.7 


0.8 


Bi2Sr L9 Ko.iCo L9 Nb 0 . A 


206 


8 


1. 1 


BioSr 19 Ko. iCOi 9 Tao i0 9 


206 


8.2 


1.2 
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As is clear from the above results, the complex oxides 
represented by the formulae shown in Tables 7 to 74 exhibit 
excellent properties as a p-type thermoelectric material and have 
favorable electrical conductivity. Therefore , the complex oxides 
5 can possibly demonstrate excellent thermoelectric generation 
properties when used in place of the p-type thermoelectric 
materials of the Examples. 

Reference Example 2 

10 A complex oxide having properties of the n-type 

thermoelectric material represented by the formula LnmR^NipR^Or or 
(Ln s R 3 t ) 2 Ni u R 4 vO w was prepared by the following method. 

As a starting material, nitrates comprising an element of 
an intended complex oxide were used. The starting materials were 

15 completely dissolved in distilled water in such a manner as to 
yield the atomic ratio of each formula shown in Tables 75 to 121. 
The solution was thoroughly mixed while stirring in a crucible of 
alumina, and solidified by evaporating the water. The solidified 
product was calcined at 600°C in air for 10 hours to decompose the 

20 nitrates. The obtained calcinate was crushed, and then molded 
under pressure. The molded body was heated in a 300 mL/min oxygen 
stream for 20 hours, thereby producing a complex oxide. The 
heating temperature and heating time varied in the range of 700 
to 1100°C in such a manner that an intended oxide is produced. 

25 The complex oxides obtained were measured for the Seebeck 

coefficient at 700°C, electrical resistivity at 700°C and thermal 
conductivity at 700°C. Tables 75 to 121 show the measurement 
results . 
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Table 75 



n-type 



Composition 

T n R 1 Mi R 2 O 


Seebeck Coefficient 


Electrical 
Resistivity 
mi2cm \i\jo k,) 


Thermal Conductivity 

\i// w ,iy finrsor^ 
W/mK UUUaJ 


LaNi0 3 


-22 


2.2 


4.2 


CeNi0 3 


-19 


1.9 


4. 1 


PrNi0 3 


-25 


1.8 


3.9 


NdNi0 3 


-30 


2.9 


4 


SraNi0 3 


-28 


3 1 


o. o 


EuNi0 3 


-27 


2 2 


^ 7 


GdNiO, 


-25 


2 1 


A 


DvNiO, 


-18 


Q 
o 


Q 
a. y 


HoNiO, 


-22 


2 R 




ErNiO, 

X 111 W'J 




^ 2 


/I 1 j 


YbNiO, 


-26 


? 1 

O. 1 


^ Q 

o. y 










Lao^Nao^NiOg 


-19 


2.4 


4. 3 


Lao^iNiOg 


-17 


2.8 


4 


Lao.9Sr 0 A Ni0 3 


-23 


2.9 


4. 7 


Lao^Cao^NiOa 


-22 


3 


4. 2 


Lao >9 Bi 0 . !Ni0 3 


-18 


2.8 


4. 3 




-20 


3. 5 


4. 9 


Ce a9 Nao ^NiOa 


-21 


4 


3.9 


Ceo. 9 Ko. l Ni0 3 


-21 


3.9 


4. 2 


Ce ag Sr 0 ^NiOa 


-22 


2. 1 


4 


Ce a9 Cao .iNi0 3 


-18 


2.6 


4. 7 


Ce a9 Bi 0 .iNi0 3 


-25 


2.8 


4.6 










Pra^adNiO, 


-28 


3.9 


4. 2 


Pro^^NiOg 


-19 


3.8 


4. 7 


Pr a9 Sr 0< iNi0 3 


-20 


2.7 


4.8 


Pro. 9 Ca ai Ni0 3 


-26 


1.9 


4. 1 


Pr a9 Bi ai Ni0 3 


-23 


2.8 


3.8 










NdcgNao^NiO, 


-19 


3.4 


4.6 


Nd^NiO, 


-17 


2.8 


4.2 


Nd^r^NiO, 


-20 


3 


4.5 


Ndo.9Cao.iNi0 3 


-22 


2.9 


4.3 



122 



Table 76 



Ndo gBio ,Ni0 3 




1 0 
1. 8 


4. 2 










Cb, m« m," n 




3. 1 


3. 9 


SniogKo^NiOg 


-18 


2. 2 


4 


S%9Sr 01 Ni0 3 


00 


2. 1 


3. 8 


SniogCao^NiOa 


-19 


3 


3. 7 


Snio^io^NiOa 


-24 


2. 8 


4 










E%9Nao.|Ni0 3 


-16 


3. 1 


3. 6 


I? T/^ 1VT • r\ 

EU0.9K0.1N103 


-20 


3 


4. 1 


Euo.ff5r ai Ni03 


~22 


2. 4 


3.9 




-24 


2. 8 


4. 6 


Euq gBi 0 . !Ni0 3 


-23 


2. 9 


4. 3 










GdogNa^NiOa 


-28 


2. 8 


4. 7 


GdagKo^NiC^ 


-19 


3. 5 


4. 2 


GdogSroiNiOg 


-21 


4 


4. 3 


GdogCao^NiOg 


-22 


3. 9 


4.9 


Gdo^BidN^ 


-24 


2. 1 


3.9 










1^0.^30.^103 


-29 


2. 8 


4 


Dy 0 . 9KaiNi0 3 


-17 


2. 7 


4.7 


Dya9Sr ai Ni0 3 


-18 


3. 9 


4.6 


Dyo.gCao.iNiOa 


-24 


3. 8 


4.5 


Dy 0 .gBi 0 .,Ni0 3 


-22 


2. 7 


4.2 










HoagNao^NiOg 


-27 


2.8 


4.8 


Hoo.gKaiNiC^ 


-21 


3. 7 


4. 1 


Ho a9 Sr ai Ni0 3 


-23 


3.4 


3.8 


If /""» XT' A 

HoaAajNlOj 


-19 


2. 8 


4 


riO 0 qDIq a N1V 3 




Q 
O 


4. b 












-25 


2.2 


4.5 




-16 


1.9 


4.3 


Er O9 Sr 01 NiO 3 


-20 


1.8 


4. 1 


Ero.gCao^NiOa 


-22 


2.9 


3.9 


Ero.gBio^NiO, 


-29 


3. 1 


4 
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Table 77 



Yb n oNan ,NiO, 


-22 


2. 2 




Yb 0 oKn ,NiO> 


-19 


2. 1 


^ 7 


Yb 0 qSr 0 ,NiO, 


-25 


3 


4 


Yb n qCan ,Ni(X 


-30 


2.8 


0. c 


Yb 0 qBin iNiOo 


-28 


3. 2 












LaNio.9Tio.iO3 


-25 


3 


3.9 


LaNi a9 V ai 0 3 


-18 


2.4 


4.6 


LaNi a9 Cr a A 


-22 


2.8 


4.3 


LaNi 0 .9Mno. A 


-10 


2.9 


4 


LaNi a9 Fe ai 0 3 


-26 


3 


4. 7 


LaNin nCOn ,0o 


-20 


9 R 


a 9 
ft. z 


LaNin oClu .Oo 


-19 

X xJ 




ft. t) 


LaNin nMon 1O0 


-17 


4 


4 Q 

ft. y 


LaNin Q Wn ,G» 


-23 






LaNin oNbn ,(X 


-22 


9 1 


4 9 
ft. £ 


LaNin nTa^ ,0* 


ID 


9 R 


4 
ft 










CeNi a9 Ti ai Q3 


-21 


2.7 


4.6 


CeNi^gVo 


-21 


3.9 


4. 5 


CcNio. qC>Tq 1Q3 


-22 


3.8 


4. 2 


CeNi 0 .9Mno. A 


-18 


2.7 


4. 7 


CeNi 0 .9Fe 0 . A 


-25 


1.9 


4. 8 


CeNin nCbn ,0o 


-24 




4 1 
ft. 1 


CeNin Xiu ,0^ 


-9Q 


^ 7 


0. O 


CeNin oMo« ,0o 


-1 Q 

X*7 


O. ft 


ft 


v^'J-Q. 9"0. 13 


-20 


9 ft 


4 £ 
ft. D 


CeNin oNbn ,0, 

* i 0. 9 1 l w 3 


-26 




4 9 
ft. ^ 


CeNin oTa, ,0o 

0.9*™ 13 


-23 




4 ^ 
ft. O 










PrNi a9 Ti 0l 0 3 


-19 


2.9 


4.2 


PrNi„. 9 V 0 .,03 


-17 


3. 1 


4. 1 


PrNi 0 . 9 Cr 0 .,03 


-20 


2.2 


3.9 


PrNio.gMrio.,03 


-22 


2. 1 


4 


Pifli a9 Fe 0 . 1 0 3 


-20 


3 


3.8 


PrNi 09 Co a ,0 3 


-21 


2.8 


3. 7 


PrNi a9 Cuo ,0 3 


-23 


3.2 


4 
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Table 78 



PrNi Mn 0 

rriNA 0.9 IV1C) 0. 1 U 3 


10 


0. 1 


0. y 


PrNi W 0 

rnNi 0.9% l u 3 






O. D 


rriNi 0 giNDo jU 3 


— 1 Q 

±y 


O A 

2. 4 


4. 1 


rriNi 0 9 iao 


—OA 


2. 0 


0. 9 










NdNLoTin .Oo 


-16 


3 




NdNin nV n A 


-20 


2. 8 


4 


NdNin Q Crn ,0, 


-22 


«j . «j 


4 7 


NdNin oMtl ,0, 

nui!j.Q gimio ^3 


-24 


4 


4 9 


NdNin oFen ,0a 


-23 




4 *\ 


MJM, r> n 
INdiNl 0 9 LO 0 


2b 


O 1 

2. 1 


4. 9 


mjm: p. , n 
NdiNio gCUo ^3 


00 
-2o 


2. 6 


3. 9 


NdiNi 0 9 Mo 0 ^3 


-19 


2. 2 


4. 2 


NaINl a9 W 0 


01 
-21 


1. 9 


4 


NdiNi a9 [Nb 0 ^3 


_ 22 


1. 8 


4. 7 


NaJNioglao , ^ 


-24 


2. 9 


4. 6 












-9Q 




4 9 


SmNin ^ ,0o 

kJlULl J.Q g¥ Q. 1^3 


-17 


9 1 
z. 1 


4 7 


SmNin nCr rt ,0* 


AO 


O 


4 8 


SraNin oMru .0* 




9 ft 


4 1 


SmNi « «Rp^ .0« 


-99 


^ 9 

O. Zr 


O. O 


bmNi a9 Co ai 0 3 


-21 


3. 1 


4 


braNiogCUo^Ua 


-27 


3 


4. 6 


omNl a9 WO 0 ^3 


OCT 

-25 


2. 4 


4. 2 


braiNl 0 gW 0 ^3 


OA 

-oU 


2. 8 


4. 1 


bmlNlo glND ai U 3 


00 

~2o 


2. 9 


3. 9 


bmNi a9 lao ^3 


-27 


3 


4 










EllNin nTin .0o 

uul -*■ 0. 9 A 0. 13 


-18 




1 7 


EuNi a9 V 0 fi 2 


-22 


4 


4 


EuNio.9Cro.jO3 


-10 


3.9 


3.9 


EuNi as Mno.A 


-26 


2. 1 


3.6 


EuNi a9 Fe ai 0 3 


-20 


2.6 


4. 1 


EuNi a9 Co ai 0 3 


-19 


2.8 


3.9 


EuNio.9Cuo.iO3 


-17 


2. 7 


4.6 


EuNi a9 Mo a i03 


-23 


3.9 


4.3 
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Table 79 



FiiMi w n 
CUINIq 9 vy 0 ^3 


—99 
ZZ 


*3 Q. 
o. o 


4 




-1 P. 
lo 


9 7 
Z. / 


4. / 


CUIN 1 q g 1 3q 1U3 


-9H 
ZU 


1 Q 

i. y 


A O 

4. z 










GdNin oTin 1O0 

u. y u. 1 j 


-21 


3. 7 


4. 9 


GdNin oV ft ,0o 


-22 


3. 4 


3 9 


GdNin oCr rt iCk 

« \-u ^0 9 0. 13 


-18 


2. 8 


A 9 


GdNin oMrin ,0* 


-25 


3 


4 


GdNin nFen ,0o 


-24 


2 9 


4 7 


LrdlNl 0 9 LO 0 ^3 


Zo 


1. O 


4. 6 


tidlNlo gLUo iU 3 




o n 
Z. 9 


4. 5 


LrCUNlo aMO 0 ^3 


-zU 


O 1 

3. 1 


4. 2 


(jdiNi 09 W 0 iU 3 


-ZD 


2. 2 


4. 7 


(jajNi 0 9 Nb 0 ^3 


-z3 


2. 1 


4. 8 


baJNlo.9lao ^3 


oo 

-zz 


3 


4. 1 










lsj 11 A 0. 9 1 A 0. 1V3 


-17 


S 2 


4 


DvNin nVn ,0, 
^J 11 - 1 -©. 9*0. 1^3 


-20 


^ 1 


4 


DvNin nOn ,0o 


-22 


Q 


4 9 
fr. Z 


DvNin nMnn .0o 

u J il - L 0.9 imi O. 1^3 
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-20 




4 7 


Dv J3i Ni„ Fp 0 


-1Q 


2 ft 


4 ft 


Dyo.9Di 0 .i Ni a9 Co oa 0 3 


-17 


3. 7 


4. 1 


Dy 0>9 Bi 0 .i Nio.9CUo.1O3 


-16 


3. 4 


3. 8 


rv , r>* XT* w„ /~v 

DyagBlai NI0.9MO0.A 




2. 8 


4. 1 


Dy a9 Bi 0 .i Nio.9Wo.1O3 


-18 


3 


3. 9 


TV _ O • XT* ATI /-v 

Dy a9 Bi 0 .i Ni 0 9 Nb ai 0 3 


-20 


2. 9 


4. 6 


DYagBlai Nlo.9Tao.1O3 


-21 


1. 8 


4. 3 










Ho Jslsu Ni /Ti 0 


-22 


0. 1 


A 7 


Ho «Na Ni V (1 


10 


2 2 


A 9 


Ho Jfo Ni fr fL 


-2R 


2 1 
z. 1 


4 ^ 
ft. 0 


Ho« «N?L. Ni.J/fn 0 
n<J o. 9^ "0. 1 1N 1 0. 9" u 1^3 


-24 


Q 
O 


4 Q 


nu 0 >9 i>i<io .1 -"a^^ 1U3 


-28 


2 ft 

£. O 




HoagNao.! Ni a9 Co a i0 3 


-19 


3. 2 


4. 2 


T T XT XT * . /-\ 

Ho a9 Nao.i NiagCiio.A 


OA 

-20 


3. 1 


4 


HoagNao.! Ni a9 Mo ai 0 3 


nn 

-ZD 


3 


4. 7 


TT xr xt * nr f\ 

Hoo.gNao.! Nio.9Wo.1O3 


-23 


2. 4 


4. 6 


Hoo.gNao.! Nio.9Nbo.1O3 


-22 


2. 8 


4. 5 


TJ_ XJ_ XT- »r> r\ 

HoagNao.. Ni 0 . 91% A 


-ly- 


2. 9 


4. 2 










HOn oKn 1 Nin nTin 1O0 


-20 


2. 8 


4. 8 


H00.9K0.1 Ni 0 . 9 V ol 0 3 


-22 


3.5 


4. 1 


H00.9K0. 1 Nio.9Cro.1Q3 


-20 


4 


3.8 


H00.9K0.1 Nio.gMno.,03 


-21 


3.9 


4 


Hoo^.- Nio.nFeo.,03 


-23 


2. 1 


4.6 


HoogKo.! Ni a9 Co 0 A 


-18 


2.6 


4. 2 


Ho as Ko., NiaAkiA 


-28 


2.8 


4.5 
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Ur\ V M-i Ur\ O 

"°o.9N).i W la 9M°o. 1U3 


1 0 
-19 


2. 7 


4. 3 


Y M-i w n 




3. 9 


4. 1 


U<-\ Y M-i MK n 
Ho 0. 9^0.1 Nla9NDo. lU3 


OCT 

-Zb 


3. 8 


3. 9 




-16 


2. 7 


4 










Ho« «St~. . Ni. «Ti. .0. 

1 iV -U 9° A 0. 1 n x 0t 9 1 -'-O. l w 3 


-99 


9 R 
Z. 0 


i Q 7 
O. ( 


1 LKJ 0. 9 0 - 1 - 0. 1 11 x 0. 9*0. 1 V3 


-OA 


^ 7 


1 /I 

4 


Hn n .St. . Ni . .C"r. .PL 


-OQ 


0. *± 


Q O 

0. y 


Ho. ~Sr. Ni . .Mn. 0 

1 1U 0. 9° x 0. 1 11 x 0. 9"" H). l u 3 


-0(2 


9 Q 


0 a 
6. O 


Ho. .Sr Ni Rp 0 
1 lu a 9 01 0. 1 lu o.9 rtJ o. 1^3 


-98 


Q 

0 


A 1 

4. 1 


Ho. .Sr. Ni Co 0 
nu o.9° x o. 1 NJ-csMJa i u 3 


Vo 


9 Q 

z. y 


0 r\ 

0. 9 


Hn. .Sr. Ni. Cn 0 




9 9 
z. z 


4. b 


Ho. .Sr. Ni .Mo 0 
nu 0. 9° x 0. 1 n J-a 9 nu 0. l u 3 


—99 


1. y 


4. 3 


Ho. .Sr Ni W 0 
nu o. 9° x a 1 1N l 0. 9"0. l u 3 


— 9A 


1 Q 

1. 0 


A 

4 


Ho. .Sr. Ni .No 0 
nu 0 gox a 1 ^ J-o. 9^ u o. 1V3 


—91 


9 Q 

z. y 


4. 7 


Ho. «Sr Ni Ta 0 


— 9Q 


Q 1 
O. 1 


4. 2 


Ho. .fa Ni Ti 0 


—1 ft 


z. 1 


4. 9 


Ho. JTa Ni V fL 

no 0.9 u<:1 0. 1 1N1 0.9 v 0.lV3 




0 
0 


3. 9 


Ho. .Ca. Mi ry o 


—99 


9 Q 
Z. O 


4. z 


Ho Ca. Ni JWn 0 

nu 0. 9^*0. 1 " x 0. 9"" k). l u 3 


—91 


0. z 


4 


Ho Cs\- Ni Fp 0 


—97 


Q 1 
O. 1 


4. 7 


Ho Ha Ni Cr> 0 

no 0. 9^0. 1 iN ln . 9^°0. 1 U 3 


ZD 


Q 
O 


4. 6 


Hn Pa Ni Tit 0 


oU 


z. 4 


4. 5 


Ho Cs\ Ni _Mn 0 
no o. g^^o. 1 n A a 9"°o. 1^3 


Zo 


0 0 
z. 0 


4. 2 


Ho Ha Ni W fL 

no 0.9 l - /a 0. 1 1N1 0.9"0. 1V3 


—97 


0 0 
z. y 


4. 7 


Ho. .fa. Ni «Nh 0 


ZO 


0 


4. 8 


Ho. .Ca. Ni Tp» 0 


—1 R 


9 Q 

Z. 0 


4. 1 


Ho. .Ri Ni Ti 0 

nU 0 qDIq t lMlo gllo. 1 U 3 


—99 
ZZ 


O. O 


3. 8 


Ho. .Ri. Ni. V 0 


—in 




4 


Ho. .Ri. . Ni. .fr. 0. 

1 1U 0. 9° x o. 1 iy 1 0. 9^ x 0. l w 3 


-9ft 


Q 

0. y 


4. 0 


Ho 0 gBio , Ni 0 qMno fi^ 


-20 


2. 1 




Ho 0>9 Bi ai Ni a9 Fe ai 0 3 


-19 


2.6 


4.5 


Ho 09 Bi 01 Ni 09 Co 0 .i0 3 


-17 


2.8 


4.3 


HOo.gBio.1 Nio.9CUo.jO3 


-23 


2.7 


4.2 


Hoo ^Bio., Nio.gMoo.,03 


-22 


3.9 


4. 1 


Hoo oBio., Ni 0 . 9 W ai 0 3 


-18 


3.8 


3.9 


Hoo.gBio.! Nio.gNbo.A 


-20 


2.7 


4 
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-21 


1 Q 


ft 


Ei*/% «Na^ , Ni„ «Ti« .Or, 


-9? 


^ 7 


A 


^O.^ 11 ^. 1 nA Q.9 ¥ (LlV3 


-18 




o. y 


0. 9 MCl 0. 1 11 A 0. 9 Vp/X 0. l v 3 




9 R 


o. D 


Fr« . Ni ~ JWn~ 0~ 


tit 


Q 
O 


A 1 
4. 1 


Fr« «Na„ Mi „ „Fp~ fL 

L ^- L 0. 9 n<a 0. I n ^0. 9 1 ^0. l u 3 


60 


9 Q 


Q 

o. y 


Fr^Jfcu Ni Co 0 
L ' 1 a 9 ncI a i n 1 o. g^-^o. i u 3 


-1Q 


1 ft 

1. o 


4. 0 


Fr rt «N?u Ni fn Oo 


-90 


9 Q 

z. y 


4. O 


Fr Nfa Ni Mn 0 




^ i 


4 


Fr N« Ni W 0 


£o 


9 9 

z. z 


4. / 


Fr N« Ni Nh O 

cr 0. 9* Na 0. 1 1N 1 0. 9^ °0. l U 3 


—99 


9 1 
Z. 1 


A O 

4. z 


Fr- N^ Ni Tc» O 
^a^i iN1 o.9 la o.i u 3 


— 1Q 


Q 

o 


/I o 

4. 3 


Fr K Ni Ti 0 


-90 
zu 


9 

o. Z 


o. y 


Fr K Ni V O 

cr 0.9 I M). 1 m Q.9 V 0. 1^3 


—99 


Q 1 


4. Z 


Fr K Ni C-r fL 


— 9H 
ZU 


O 


4 


Fr V Ni Mn O 
^0.9^.1 1N1 0.9 Ivln 0. l u 3 


—91 
Zl 


9 yf 
Z. 4 


4. 7 


Rr- K" Ni Rd O 


Zo 


O O 
Z. O 


4. 6 


Fr K Ni Po O 


lo 


z. y 


4. 5 


Fr K Ni Pn fL 


zo 


Q 

o 


4. z 


Fr V Ni Mo CL 
cr o.9 l \).i 4N1 a9M°o.iM3 


—1 Q 


9 ft 

Z. o 


4. 7 


Ft- K Ni w n 

E,r 0.9 I H).l 1N1 a9"0. I u 3 


— 9A 

Z«i 


O. O 


4. o 


Pt~ K Ni Nh H 


ZO 


4 


4. 1 


Fv K Ni n 


ID 


o. y 


o o 
3. o 


Rr- ^r- Mi Ti fl 


—99 
ZZ 


Z. D 


A *7 

4. 7 


Fr <sr Ni V H_ 


— 9A 
Zft 


9 9 
Z. Z 


4. b 


Fr 9r Ni Pr O 
CI 0. 9° x 0. 1 1N J-0. 9^ x 0. l u 3 


ZO 


1 Q 

i. y 


4. o 


Fr 9r Ni Mn O 


ZO 


1 ft 
1. o 


A O 

4. z 


Fr 9r Ni Ro O 

Cr 0.9 C>r 0.1 ni 0.9^0.1^3 


—9ft 
Zo 


9 Q 

z. y 


4. / 


Fr Sr Ni Co O 

CI 0. 9° x 0. 1 1N 1 0. 9^0. l u 3 




O 1 
O. 1 


A Q 

4. o 


Fr ^r Ni Pn O 


-91 
Zl 


9 9 

z. z 


4. 1 


Er ft oSr n i Nin oMo n i0<> 


-22 


2. 1 




Ero.gSro.t Ni a9 W ai 0 3 


-24 


3 


4. 1 


Er 0 .9Sr 0 ., Nio.gNbo.ft 


-21 


2.8 


3.9 


E^gSro., Ni 0 . 9 Ta ai 0 3 


-29 


3.2 


4.6 


Ero.gCao.i Ni 09 Ti 0 l 03 


-18 


3 


4 


ErogCao., Ni 0 . 9 V 0 l 0 3 


-24 


2.4 


4.7 


Ero^Cao., Ni 0 . 9 Cro. 1 0 3 


-22 


2.8 


4.2 
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Fr„ ~Pa„ Ni « ^Mn« fL 
L,J - o. gM 3 ^, i n A Ol 9" u n). 1^3 


-21 


9 Q 


4 1 


Fr^ ~Pa~ . Ni ~ ~Rp„ 0~ 


-27 




4 Q 


^ 1 0. 9 v - ,<3 0. 1 1 ' 1 0. 9 V>U 0. 1 u 3 


-21 


2 8 




Fr„ ~P?u . Ni « ~Pi i„ CL 


-21 




4 9 


Fr„ ~Pa Ni Mn O 

C1 0. 9^^©. 1 iN 1 0. 9 IV1U 0. l u 3 


-1Q 


4 


4 


Fr Ca Ni W O 






4 7 
rt. 1 


Fr Cs\ Ni Nh O 
C1 o. g^^o. l m o. 9* N °o. 1^3 


-24 


9 1 
z. 1 


4 


Fr Pa Ni Ta O 

^ L 0. 9^^. 1 lN 1 0. 9 1 l u 3 


-2R 


9 fi 
z. u 


4 R 


Fr Ri Ni Ti O 


10 


9 R 
Z. O 


A 9 
4. Z 


Fr Ri Ni V O 

nr a9 Di ai ini 0 9 v 01 u 3 


-90 


9 7 
Z. / 


A 7 


Rr- Ri Ni Pi- O 




^ Q 


/i Q 
4. C> 


Fr- Ri Ni Mn O 
"a 9° 1 0. 1 1N !<). 9^0. 1 U 3 


-99 
ZZ 


^ ft 


4 1 
4. 1 


Py* Ri Ni O 

VTo. °P io. 1 1N !{). 9^ e 0. 1 U 3 


—1 n 


9 7 
Z. / 


Q ft 


Pr* R-i Mi P/^ O 
^ r o.9Dlo.i 1N1 0.9^°0. 1 U 3 


ZD 


1 Q 

1. y 


A 

4 


Ry D4 M-," Pii O 

^agD^-ai N 1 o.gM J o. i u 3 


—90 
ZU 


9 ft 
Z. O 


4. D 


Pt- Ri Mi M*-i n 
cr 0 9 Dl ai lNl 0 g MO 01 U 3 


—1 Q 


Q 7 


4. Z 


R-r Ri Ni W O 
Lr 09 bl 01 INl 09 W 0l U 3 


—i 7 


^ /I 
0. 4 


4. O 


Rt- Ri Ni Nh O 


zo 


9 ft 

z. 0 


/I Q 

4. 0 


Pv Ri Ni To O 
cr a9 Dl 0 ! INloLglOo 1U3 


-99 
ZZ 


0 
O 


4. 1 


Wi No Ni Ti O 


—90 
ZU 


1 ft 
1. O 


4 


YK Mo Ni V H_ 


—91 
Zl 


9 Q 

z. y 


Q Q 
O. O 


vu Mo Mi rv n 
iDagiNao ! iNi 0 9 ur 01 u 3 


—91 
Zl 


O. 1 




VK Mo Mi Mn O 
100 ^%! JN1 0 gMTlo ,u 3 


—99 
ZZ 


9 9 
Z. Z 


4 


Wi Mo Ni Ro O 
iDa^Sai 1N1 a9^ e ai u 3 


_i O 
lo 


9 1 
Z. i 


Q Q 


Wi No Ni Cr\ O 


zo 


0 

0 


0. 0 


Yh No Ni P11 n 


—9/1 
Z^ 


9 ft 
Z. O 


4. 1 


Wi Mo Mi Mr* O 


ZO 


9 

0. Z 


Q 

0. y 


YK Mo Ni W O 


-1Q 

iy 


1 1 
a. 1 


A £ 
4. D 


\ru Mo Mi MK n 


-90 
ZU 


0 
0 


4. O 


Yh No Ni To 0 


zo 


9 4 
Z. 4 


4 


1 ^0. 9 1V 0. 1 l1J -0. 9 1 x 0. 1^3 


-22 


2. 9 


4 2 


YbagKo., Ni a9 V 0 .A 


-19 


3 


4.3 


Yb a9 Kai Ni a9 Cr ai 0 3 


-17 


2.8 


4.9 


Ybo.gKo.i Ni a9 Mno tl 0 3 


-20 


3.5 


3.9 


YbagKai Ni a9 Fe ai 0 3 


-22 


4 


4.2 


YbagKai Ni a9 Co 0 . l 0 3 


-20 


3.9 


4 


Yb^gKai Ni a9 Cuo.,0 3 


-21 


2. 1 


4.7 
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1 u 0. 9*M). 1 lN 1 a 9" 1U 0. 1V3 


-9Q 


9 

Z. D 


4. D 


Yh K Ni W 0 


-1 R 


9 ft 
Z. 0 


4. D 


Yh K Ni Nh fl 

I U 0 gl\) x IN l a 9INDQ jl/j 


Zo 


9 7 
z. / 


4. Z 


Yh K Ni 0 


-1 Q 


O. 1 


A 7 

4. / 


Yh Sr Ni Ti 0 

1 U Q. 9 01 0. 1 1N ^ 9 1 J^O. 1 U 3 


ZO 


9 1 

z. 1 


/l 1 

4. 1 


Yh Sr Ni V ft 
ID o.9° r ai 1N1 o.9 v ai u 3 


ID 


0 


Q O 

0. 0 


Yh Sr Ni Pr 0 

1 u o. 9° r o. l 1N !(>. gM-OL 1^3 


-90 

ZU 


9 Q 
Z. 0 


4 


Yh Sr- Ni Jin 0 
ID 0.9M r 0. 1 1N1 0.9 Mn 0. l u 3 


-99 

zz 


Q 9 

0. z 


4. D 


Yh St- Ni Rp» 0 


— 9A 
Z4 


0. 1 


/I 0 

4. z 


Yh Sr- Mi fY> 0 

iD 09 or 01 ini 09 uj 01 u 3 


ZO 


Q 

0 


4. 5 


VK Sr- Mi Pn n 
ID o g br 0 i INlo.9UJo.1U3 


ZD 


z. 4 


4. 3 




OQ 
Zo 


0 0 

z. 8 


4. 2 


VK Sr- Mi w n 
lD 09 or 01 1N1 0 .9"0. 1^3 


—1 Q 

iy 


z. y 


4. 1 


VK C r M," KJU n 
iD 0 .9or 0 ! 1N1 0 9 [ND 01 U 3 


—91 
Zl 


0 

0 


3. 9 


VK St- Mi To n 


on 

ZZ 


0 0 
Z. O 


4 


VK Po Mi Ti Pi 
YD 0.9^ a 0.1 W1 0.9 A1 0.1 U 3 


01 
Zl 


A 

4 


3. 7 


VK Po Mi v n 
YDo gLao t IN1 0 9 V 01 U3 


zy 


0. y 


4 


VK Ca Mi PV n 

i d 0 9 ^ao { ini 0 9 ur 0 1U3 


—1 7 

1 f 


0 1 

z. 1 


3. 9 


VK fo Mi Mn n 


—1 Q 

lo 


Z. D 


3. 6 


VK fa Mi Ro n 


Z4 


0 0 

z. 0 


4. 1 


VK Po Mi PVl n 


zz 


z. 7 


3. 9 


VK Pa Mi f\i n 

IDo gUao i INl a gtUo ^ 


—91 

Zl 


0. y 


4. 6 


VK Pa Mi n 


07 
ZY 


0 0 

0. 8 


4. 3 


VK Pa Mi W fi 


_01 

Zl 


z. 7 


4 


VK P*a Mi MK O 
iDo ^l^ao ! lNl 0 9 [ND ai U3 


no 

Zo 


1. y 


4. 7 


VK Pa Mi To n 
lu 0.9 VyCl ai m 0.9 lc k). 1^3 


—1 Q 

iy 


0 0 

Z. 0 


4. 2 


VK Ri Mi Ti n 


Zo 


Q 7 

0. / 


4. 3 


VK Ri Mi V n 
IDogDlo ! lNl 0 9 V ai U3 


—9/1 
Z4 


0. 4 


4. 9 


VK Ri Mi PV n 

IDogDlo.! lNlo.gUro.^3 


~ZO 


O Q 
Z. O 


3. 9 


VK Ri Ni Mn O 


ID 


Q 

0 


A O 

4. z 


Ybn nBl« 1 Nln oFen ,0i 
1 ^0. Or 1 - 1 - 0. 1 I1J -0. 9 1 ^0.1^3 


-20 


0 Q 


A 


YbogBiai Ni 0 . 9 Co 0>1 0 3 


-22 


1.8 


4. 7 


Yb 09 Bi 01 Nio.9C1io.jO3 


-29 


2.9 


4.6 


Yb 0 .gBi ai Nio gMooA 


-22 


3. 1 


4.5 


Ybo.gBio., Ni 0 . 9 W 0 l 03 


-19 


2.2 


4. 2 


Yb 0 .gBi ai Nio.gNbo.,03 


-25 


2. 1 


4. 7 


YbogBio.! Nio.gTao.jO3 


-30 


3 


4.8 
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Composition 


Seebeck Coefficient 


Electrical 
Resistivity 


Thermal Conductivity 


(Lrx I R 3 t ) 9 Ni, l R 4 0 


uV/K (700°C) 


m Qcm (700°C) 


W/mK (700^ 




-on; 


1 

VJ. 1 


A 9 
4. 0 




-9R 


O 


A 9 
4. Z 


Pr^NiO. 
i lyii v/ 4 


-9Q 


7 


A 9 
4. 0 




-99 


4. Q 
4. y 


A 


SrruNiO, 


-90 


0 


/l ft 
4. O 


r?. . XT' f\ 


-25 


6 


4. 7 




-27 


5. 2 


4.4 


Dy2Ni0 4 


-30 


7 


4.9 


Ho2Ni0 4 


-29 


8. 1 


4. 7 


Er2Ni0 4 


-30 


6. 9 


4.6 


Yb2Ni0 4 


-28 


6. 7 


4.6 










T ck Na MiO 


ZD 


0. y 


4. z 


la K MiO 


— 1 8 
lO 


£ Q 

0. y 


A 1 

4. J 


Tc» ^-r Mi n 


—99 
ZZ 


ft 9 
0. 0 


/I 0 

4. 0 


io pja M-; n 


1U 


7 


4. 1 


U Ri MiO 


—9ft 
ZO 


7 1 


0 0 
0. 0 










To Ma MiO 


—1 Q 


n 
I 


A C. 

4. b 




— 1 7 


ft Q 


A O 

4. z 


r<* <s>- wi n 


Zo 


ft Q 

0. y 


4. 0 


Co JTn MiO 


—99 
ZZ 


ft 7 


4. 0 


(V Ri Mi 0 




7 1 


/i 1 
4. 1 










PV Ma Mi n 


—91 
Zl 


ft 9 
0. 0 


4 


Pr K J\HO 


-91 
Zl 


7 1 


9 O 
. O. O 


Pr Sr Ni 0 


-99 
ZZ 


ft A 

D. 4: 


9 7 


Pr fa Ni 0 


—1 Q 
IO 


0. 37 


A 

4 


Pr, nBin *Ni(L 


-25 


6. 4 












Nd 18 Na 02 NiO, 


-28 


7 


4. 1 


Nd^Ko^iO, 


-19 


6.8 


3.9 


Nd,.8Sr a2 Ni0 4 


-20 


7. 1 


4.6 


Nd,.Aki2Ni0 4 


-26 


6.8 


4.3 


Nd^iajNiO, 


-23 


5.9 


4 
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Sm 1 gNa^iC^ 


-19 


7 


4. 2 


Sra 1 gKo ^i0 4 


-17 


6. 8 


4. 3 


Snii >8 Sr a ^li0 4 


-20 


5 


4. 9 


Smi 8CaoJN[i0 4 


-22 


7 


3.9 


Sm L8 Bi a2 Ni0 4 


-20 


4. 9 


4. 2 












-23 


6 


4. 7 


Eu L8 Ko.^fi0 4 


-18 


5. 2 


4.6 


Eu L8 Sr 02 Ni0 4 


-28 


7 


4.5 


Eu, 8 Cao ^Ii0 4 


-19 


8. 1 


4.2 


Eu L8 Bi a2 Ni0 4 


-24 


6.9 


4.7 










Gd1.8Nao.2NiO, 


-16 


7.2 


4. 1 


Gd K8 Ko.2Ni0 4 


-20 


6.9 


3.8 


Gd L8 Sr a2 Ni0 4 


-22 


5.9 


4 


Gd L8 Cao.2Ni0 4 


-24 


6.3 


4.6 


Gd l8 Bi a2 Ni0 4 


-23 


7 


4.2 










DYLsNaaaNiO, 


-28 


7.3 


4.3 


DyLsKo.gNiO, 


-19 


7 


4.2 


Dy L8 Sr a2 Ni0 4 


-21 


6.8 


4.1 


Dy L ^ao^i0 4 


-22 


6.9 


3.9 


Dy L8 Bi a2 Ni0 4 


-24 


6.7 


4 










Ho l ^ao >2 Ni0 4 


-29 


5.8 


3.7 


Ho L8 Ko.^i0 4 


-17 


6.3 


4 


Ho K8 Sr a2 Ni0 4 


-18 


7. 1 


3.9 


Ho L8 Cao.2Ni0 4 


-24 


6.4 


3.6 


Ho L8 Bi a2 Ni0 4 


-22 


5.9 


4. 1 










Er,. Jto^^iO A 


-27 


7. 1 


4.6 


Er^Ko^iO, 


-25 


7 


4.3 


Er L8 Sr a2 Ni0 4 


-30 


6.8 


4 


Er, gCao gNiO., 


-28 


7. 1 


4. 7 


Er L8 Bi 02 NiO, 


-24 


6.8 


4.2 


Yb L8 Nao. 2 Ni0 4 


-25 


5.9 


4.3 
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Yb, oKo oNiO. 


-16 


6 5 


4 Q 


Yb, «Sr ft ^NiO. 

* 1. or-'" 4 - 0. 2r * v 4 


-20 


7 
* 


Q Q 
O. Zs 


Yb, oCan oNiO. 


-22 


6 8 


4 9 


Yb, oBin J^i0 4 


-24 
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-18 
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As is clear from the above results , the complex oxides 
represented by the formulae shown in Tables 75 to 121 exhibit 
5 excellent properties as an n-type thermoelectric material and 
have favorable electrical conductivity. Therefore, the complex 
oxides can possibly demonstrate excellent thermoelectric 
generation properties when used in place of the n-type 
thermoelectric materials of the Examples. 
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